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An investigation WES cooducted with  73-percent-senispan  inboard 
spoiler  ailerons,  projecting 4 percent of the l o c d  chord from the wing 
sqrface, and located a t  t'ne 70-percent-chorCi l ine  of a 45O sweptback- 
wing-fuselage cmbblnation. The nodel  consgsted of a wing ~-12th an 
aspect  ratio of 3.98, +,=per r a t i o  of 0.61, and NACA 6 5 ~ ~ 1 6  airfoil  sec- 
t i o r s  s a r a i l e l   t o  the plane of symzetry in canbination w i t h  a fuselage 
of r'ineness r a t io  10. Pressure h t a  were measured on the wing and 
spoiler ~t several spanwise stations a t  Mach numbers fro= 0.60 (Reynolds 
 umber 5.1 x lo6) t o  1 .Oj (Reynolds nmber 6.2 x lo6) for m@es  of 
attack  that iisually extended t o  20° or more. 

Up_oer-swrr'ace spoilers resulted i n  Eorml-force decrerrier-ts  whlch 
were l u g e s t   i n   t h e  0.6 t o  0.8 se&spzn mea of t'ne  wing for low and 
noderete  zngles of atteck. Most of this decrement w a s  associated w i t h  
increased upper-s-url"ace pressures ahead of the  spoiler,  but some of the 
decreEent resulted frm decreased lower-s-mface pressures. The adaition 
CP e g2p tho-ugh the w i n g  behind the spoiler  relieved  the low pressure 
behizd the  spoiler on the up2er smface an-d thus  increased  the  rolling 
effectiveness. Lower-surface spoilers glve  reversed rolling-mmen.% 
effectiveness a t  zngles of attack h5gher t3h.m =bout loo primarily because 
there is  a large  decrease in  pressure beh5n.6 the  spoiler on tae  lower 
wi-n_E; surface a t  the  hig3er  angles of &tack. 

Spoiler  loads were highest &t the inboard end. For usper-surface 
spoilers, the loads on the  spoiler  decreased  rzpidly w i t h  increasing 
angle of Etttack, but for lower-scrface  spoilers  they  ir-creased t o  the 
highest t e s t   W l e s  of attack. 
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IiWRODUCTION 

Recen%ly there has been considerable  interest in spoiler  ailerocs, 
p r i m d l y  because they  miatair-  rolling  effectiveness though the  'tran- 
scnic speed range (ref.  1) and became  they  provide Mgh reversal speeds 
for  tMn  flexible wings. In  addition,  they can be designed t o  have very 
law hinge mments. However, very few press- ie  data f o r  spoiler  config- 
uz;tions have been zvailakle a t  high sabsonic end transonic sgeeds 
(refs. 2 m d  3) for load  calculatiors o r  for studying the effects of 
spoilers on the flow about a wing. 

Hence, e systematic t e s t  prograu has been in i t ia ted  iz  the Langley 
16-foot tramonic t m e l  t o  grovide pressu-re data. for various  spoiler 
configmations  in tlre trm-smic speed r a g e  at moderately  high iieynolds 
nudoers f o r  a lzrge angle-of-attztck  range. The initial investigation 
of thLs program was condzcted on a 6-percent-thick 45O sweptkack-wing- 
fuselege  cmbimtlon a t  Oo yaw and Mach nudoers frnzl 0.60 t o  1.03. The 
spoilers  icvestigcted on this w i n g  were  of the  retractzble  type, and 
they extended  alollg the 70-percent-chord l ine  frm tbe  fuselage (14 per- 
cent of YrLe w i n g  semispan) t o  87 gercent af the w i n g  senLsp.n and h d  a 
projection fron the wir?g surface of 4 percent of the  local wing chord. . 

This paper  presents  results for some of the coidigurations t;Jxk 
were tested 6urirs the  Lnitial  investigaticn. The effects of upper- 
and lower-s-=face spoilers and of a wing  gep behin6 %he spoilers  are 
shown on the wing noml-force  characterist ics,  chordwise pressure  dis- 
tribdtions, span-l oad distriSutions, and centers of load. Also included 
are  tabulated w i n g  static-pressure  coefficieats,  spoiler  gressure  dis- 
.tributions, and spoiler  spm-load  distributions. A lin5ted amo-at of 
s m a r y  data frm tlriis investigation has  already been pfblished (ref. 4) ,  
aEd six-component force data obtained  simultaneously with the pressure 
c%a-La &re presented i n  reference 5 .  
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cm F cc ' wing-sectior-  pitchiFS-mment  parameter  with moment about 
the 25-percelzt position of the mean aerodyr!!c chord, 

C 2  

c11 F C wing-section  nonml-load  parmeter, 

h 
h plme of syzmetry and perpendicular t o  h at .z 

cr;, = spoiler-section load parmeter which, acts parallel  to 

given spanwise statiou, 

CN wing-pmel c o d - f o r c e   c o e f f i c i e n t  , 

c2 

h 

- 
h 

rolA-ing-amsnt coefficient 

ler?gth o$ chord of exposed front face of spoiler at 
any spanwise s t s t ion  

(h €?.t 0.14b/2) + (h Zt 0.87b/2) 
average h, 

2 

free-strean Mech  number 

pressure  coefficient, 1! - Po 
a_ 

local   s ta t ic   sressure  

free-stream s t z t i c  sressure 

free-stream iiynemic pressure 

distance frm w i n g  leading edge at a given spanwise 
stztion, positive &ownstream 
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a 

aP 

Subscripts: 

F 

L 

R 

U 

distance from wing leading edge et a  given spanwise 
s ta t ion to l ine  perpendicular t o  plane of symmetry 
and passing through 25-gercent position of mean 
aerodynamic chord, positive downstream 

longitudinal  location of wing-section center of pressure, 

0.25 - U , fraction of section 
Cn 

wing chord 

Longitudinal  location of wing-panel center of pressure, 
,c. 1.0 

'' 0.135 i 
1 

0.25 - , fraction of nean aerodynamic chord 

spm-wise distance from the  plvle of symmetry 

lateral   location of wing-panel center of pressure, 

distance  neasured from wing surface along h ai; a given 
spmwise station (no% perpendicul'ar t o  x- and y-axes) 

angle of attack of fuselage  center  line  relative  to 
test-section  center Line 

chmge i n  P across  spoiler at a given spanwise 
s tz t ion (P a t  0 . 6 5 ~  - P at 0 . 7 5 ~ )  

'i 

c 

forward surface of spoiler 

lower surface of w i n g  

rear surface of spoiler 

upper surface of wing 
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Tun"el.- The ir-vestigatior was co_n-ducted in   t he  Langley 16-foot 
trusoEic  tunnel,  which Fs a single-return wi,nd t m e l  having e s lot ted 
throzt of octagonal  cross  section. The m a x ~ h u m  variation of average 
Mach  number  was about M.002 along the  test-section  center lice i n  the 
v i c i d t y  of the no&el.  Additiond  Cetails of the  test-section com-ig- 
mat ion and of the calibrztion of t h e   t u n e 1  are given i n  reference 6. 

Model.- Figures 1 and 2 show detzi ls  of the  basic model and the 
spoiler  conTlgurations  included i n  % U s  iavestigztion. The s t e e l  "5ng 
had K4CA 65~006  airr"oi1  sections p n d l e l  t o  the plane of symuetry, 
qmrter-chord line sweeg of 45O, tager   ra t io  of 0.61, and aspect r a t i o  
of 3.98. The wing w a s  designed t o   h v e  EO inciden-e,  dihedral, or 
ewist a d  was moun-ted i n  a midwing position on the fuselage. The fuse- 
lage,  constructed of steel ,  had a fillecess  rat50 of 10, a d  the quarter 
chord of the wCng  mean aerodynmic  chord w a s  loceted at the  longitudinal 
position of the n?axinm fuselzge  dimeter. 

The sgoilers f o r  these  tests  (f ig.  1) simulated retractable  spoiler- 
aileron  col?figurztions  pivoted  about  the 50-percerr-L-cl1ord l ine.  These 
spoilers were located along the 70-percent-chord l ine of the w i ~ !  and 
were projected fouz  percect of the  local Mng chord from the wiw sur- 
face. They extended from the  fuselsge (14 gercent of the ~&ng semispan) 
t o  the 87-percent w 5 ~ 1  semispan a d  had a sweep .mgle of 41.60. Spoilers 
were tested witiiout and w i t h  a gap i n  the wing behind the  spoiler. The 
gap,  Then used, extended  outboard from the  15-percent t o  the 87-gercent 
w i c g  semisgul st&tion. The lower-surface  spoiler with gap col7figurztion 
w a s  obtained by inverting the nodel w i t ? ?  ugser-surface spoi ler  an-d wing 
gzp. The oppositely  dezlected  spoiler coafigu-ration had ore  spoiler 
nounted on the upper surface of t h e   l e f t  wing  and  one  on the lower sur- 
face of the right wing with EO gap behind the  spoilers. 

Figme 2 shows location of the wi_ng static-pressure  orifices which 
vere  distributed over t he   l e f t  w i n !  at seven spawise  stations. The 
orif ices  a t  the inboard s ta t ion everage = 0.135 were actually 

loczted on -the fuselage 0.1 inch f r m t h e  wing surfece. 3ressurre o r i -  
fices were also located 011 the  frofit and rem  surfaces of the l e f t  wing 
spoiler and i n  the ving gag behind th i s   spoi le r  at  flve sganwise sta- 
t i o m  es shown in   f igure 2. The pressures were trmsmLtted. by means of 
smll tubipg through the nodel support system t o  mercury mnmeter 
boards. 

( b/2 1 

Model stipport systm.- A cmkilever  strut,  described  in  reference 7, 
P supported the stirs-mounted mo&el. The node1 w a s  near the tamtel center 

l ine  at  a l l  m e s  of attack. A straight coupling between the s t ing end 
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the model permitted var ia t iom in the  angle of attack from -ko t o  l5O; 
a loo couplir? exteaded the range. 

Tests.-  Tests were generally made f o r   a l l  configurations a t  angles 
oZ attack of -2O t o  260 f o r  Mach nunbers Zrm 0.60 t o  0.90. A t  Mach 
nwbers frm 0.94 t o  1 .O3, the m a x i m m  =le of attack of these  tests 
was limited by stirg-support stresses o r  available  tamel power. 

- 

The Reynolds number vwiation over the Mach  number r&nge of the 
t e s t s  is shown in figure 3 .  

DhnA REDUCTION 

Data reduction methods.- Extensive use of a punched-car6 system 
greetly  faciliteted  the  reduction of data. Pressure  data  recorded with 
r m m e t e r  board cameras  were f irst  transferred  to cards by the use of e. 
comrnercially available m u d .  film resding  device coGpled t o  a card- 
pmch  mchine. Tne data were then  processed on electronic  cmputing 
machines t o  obtain  individ=zel  presswe  coefficients  as  well  as  section 
nornal-force m-d pitching-mment coefficients  (using a rectangular  step 
integratioa). The &ata cards were then  fed t o  an automatic p lo t t i p s  
device fo r  the  preparation of the chordwise pressure  plots of this paFer 
and  were also used t o  prepare  the  tables of pressure data. 

Correctians.- The angles of &tack  presented  imlude an adjustment 
f o r  an incremental. angle fieterdned from s tz t i c   cd ib ra t ion  of the model 
angular  deflection  as a function of pitching  nment and 1.l-omal-force 
loads. Based on the  repeatability of deflection measmenents made during 
the  static  calibrations, the e s t h t e d  m.aximm error of the  angle-of- 
attack measmements is i0 .lo. No corrections were made f o r  tunnel-flow 
angularity. The cumulative effect  of model asynmetry a d  tunnel flow 
angularity i s  shown t o  be small by the basic model cormal-force curves 
i n  figure 3. No correctiom were made f o r  sting  interference. Sting 
interference was  not  considered of Fqortance for these  tests because 
a l l  lateral-control  configuration changes were made on the w i n g ,  which 
was relatcvely reraote from thz sting. m e  &ta have not been corrected 
for hrmel  boundary-interference effects  since  the  results of refer- 
ence 8 indicate that these  effects would be s d 1 .  

In  calculating wing section and panel  coefficients,  the  effect of 
the  forces on the  spoiler was neglected. Tlre mgr?itu&e of the  error 
thus  introduced was checked and found t o  be w i t h i =  the ecctlracy of' the 
data. 



,USULTS -4W DISCUSSION 

Static-pressure  neasurenents  me  given i n  coefficient  fora for tine 
basic wtng and t j je several  spoiler com-igqrakiom as follows: 

~ 

Table 

I 

I1 

I11 

Iv 

Static-pressure  coefficients  for - ~~~ ~ 

Basic w i r g  

TIJics with apper-surf ace 
spoi ler  (no gag ) 

M i n g  w i t h  upper-stirface 
spoiler  (with gag) 

Wing w i t n  la-er-surface 
spoiler (d-t'n gap ) 

19 t o  &3 

44 t o  63 

6k to 88 

89 to lor: 

Each table shows t'ne cressure  coefficients et  seven spanwise wing 
statiors for various Mach nmbers and angles of a-LtacB.  Sone of the 
high-angle-of-attack b t a  for  the upper-surface spoiler  without gap a d  
f o r  the  lower-surfece  sgoiler w5th  gap  'mve been d t t e d  sfnce  these 
cor?figuratiors  are of l e s s  iz-berest because of loss 05 effectiveness or  
reversal zt h5gh .zrrn_gles  of ztteck. No data have been tabulated fo r  the 
opgositely  deflected sooiler configurstion,  since, as will be shorn-, 
these were ocly sligtly d i f r e ren t   f rm   the  data presented ic table 11. 

Tn d i s c u s s i ~ ~  the test results,  some of the more bportarrt  effects 
of spoiler operekion on panel and section  characteristics  are first 
noted. Subsequent discussio_n_ m k e s  use ol' chordwise pressure  distribu- 
t i o m   t o   i l l u s t r a t e  t ' i  nmner i n  wbLch %he vzrious spoiler col.lfigu-ra- 
tions  affect  the air flov &nd the  load  distribution over the swep-l xhg. 
F i d l y ,  %he el'fect of e lower-surface  spoiler on the  opposite wi-ng 
loading is  considered aru3 loads 011 t'ne spoilers we discussed. 

f igwes  which show c w a r i s o n s  at; one angle of attack,  the  angle 
of attsck given is an average for the conpared codigurations. This 
average does aot d2fTer more than ?O.lg0 from the  extrme  value for any 
of the  compsed  cor?figwztl 1 ons . 

Effect of Spoiler on Wing-Pule1  -Mading 

Since the rolling-rmnent  ccefficients produced by the  spoiler con- 
figurations  me  given  in  reference 5 ,  there was 50 need t o  integrate  the 
present  presswe  data  for rolling ament.  B order t o  be ce r txh ,  
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however, that  such integrations would indicate  the same roll ing noments 
as were  measured with the  strain-gage  balance,  integrztions h v e  been 
cerried  out  for a few pressurre-data points. A canparison  with  the  bal- 
ance measureEents is made i n  figure 4. Even though the chordwise pres- 
sure Force rolling-mornerk c0mpoEen-t (about  the stability roll axis) has 
beerr neglected,  as have crossover effects from the l e f t  wing to   the   r igh t  
wir!!, agreer@ent between the two sets  of data i s  generally  excellent. It 
is concluded, therefore, that an analysis of the  gressure measurements 
wde i n  these tests w i l l  help t o  provide  a correct understanding of the 
functioning of a  spoiler  as a lateral   control.  

Figure 5 shows the  variation of integrated wing normal-force coef- 
f ic ien t  w i t h  angle of attack a t  all t e s t  Mach  numbers for the  basic wing 
and three  spoiler  configurations. As i n  reference 5 ,  the  upper-surface 
spoilers caused decreases i n  normal-force coefficient which  were lmges t  
i n  the  region of 4O t o  6O mA which becane small E t  the h5gher males  of 
attack. The presence of a gap through  roe wi-ng behind the  spoiler  pro- 
vided m addltional  decrment which was more or less  constmt throughout 
the  angle-of-attack range. The beneficial  effect oI" such a wing  gap a t  
transonic speeds h&s been previously shown. (For exmple,  see  ref. 9. ) 
A lower-surface spoiler provided an increase i n  wing normal force a t  the 
lower angles of attack  but  a  reversal WCS indicated f o r  angles of attack 
above about loo as w a s  a l so  shown i n  reference 5 .  

T'le increments i n  normal-force coefficiezt In figure 5 caused by 
operation of the  spoiler were about twice t'oe m@;llitude of the Ilft- 
coefficient  incrments shown on a similar  figure  in  reference 5 f o r  the 
same configurations. The reason f o r  this effect  was that the l i f t  COef -  
f i c i en t   i n  reference 3 was based on t o t a l  w i n g  area, whereas the normal- 
force  coefficient in this report was b s e d  on the semispan w i n g  area. 

Figures 6 and 'I show, respectively,  the  longitudinal and l a t e ra l  
locations of wing-panel center of pressure  for  the  basic wing and three 
spoiler  configurations a t  all t e s t  Mach n-mbers. These curves show dis- 
continuities at some low mz1e of attack  in both  longitudinal and l a t e r a l  
center-of-pressure  locations. These discorrbinuities  indicate that, fo r  
an upper-surface spoiler,  there was exLensive positive  loading  inboard 
and Eegstive  loading  autboard for  the  condition of zero pmel  l i f t .  

C-es i n  center-of-presswe  location caused by operation of the 
upper-surface spo+ler were generally  less  for  the  spoiler with no gap 
t h m  for the  spoiler w i t h  a gap. A t  zoderately  high angles of attack,  the 
center-of-pressure  locations were affected only sl ight ly  by the  spoilers, 
although  the  ssoilers were s t i l l  effect ive  in  reducing n o m 1  force a t  
these mgles. (See f ig .  5. ) 
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Effect of Spoiler on  Ving Section Load5ngs 

Figure 8 presents  the senispar?. load  distributions f o r  the basic w i n g  
and the t h e e   s p o i l e r  cor!!iguratiom z;t all -Lest Mech mnbers. For the 
lower engles of attack, when the spoilers were most effective,  the imgor- 
tat loeding e w e s  caused 5y the  ssoiler occurred outboard 02 0.3 s d -  
s p a ,  the largest  decrenents  being i n  the region between 0.6 and 0.8 seni- 
span. This lzrge  influence over the outboard  regions of the wing was the 
cause of the Fnbosrd position of the  penel  center of pressure  for upper- 
surface  sgoilers  (or outboard for  lower-surface  spoilers) a t  low positive 
load conditions. The loss i n  effectiveness  for the upper-surface spoilers 
zs the W l e  or" attack was ir-creased beyond 6' is evident as a reduction 
i n  the  load decrement beginning  near the t i p .  

Addition of e gap through the wip3 behind the  spoiler produced m 
added decrercent in  section  norml-loed parameter which extended across 
mast of the seznispm. 

Figure 9 shows the wing-section  cecter-of-pressure  locations  across 
the span of the wi rg .  a t  all t e s t  Mach nmbers. For a swept wing the  l ine 
of section  centers of pressure  tends t o  be somewhat less swept than the 
wing i t s e l f  as s h a m  by the baste wing data in  this figure. The effect  
of adding the  zgper-surface  spoilers w a s  t o  exaggerate t M s  tendency, the 
local  center of pressure 'oeirzg f a t h e r  rearward  inboard and Tarther  for- 
ward outboad. m s  efTect was xost  noticezble E t  low angles of &tack 
(a = k0 a d  6O) but rapidly decreased a t  higher angles f o r  two reasons: 
The spoiler  decrezents were srnaller i n  absolute  mgcdtude at  high angles 
of attack md were a s d l e r  proportlomte amount  of the t o t a l  nornd. 
force . 

The lower-surface  sDoiler a t  low angles of attack bad the opposite 
effect ,  that is, the  center of pressure was more forward i-rlboard md more 
ream=& Outboard at low =des of attack (a = 4O) VI-!! it was for  the 
basic wing. 

Figure 9 also shars tht the  sectfor  center-of-pressure  locations 
moved ahead of the  leadirg edge at lcrvr angles of &tack f o r  the upper- 
surface-spoiler  configurations. T h i s  ~ovenent  occurred wherever the 
section normel force approached zero  while a finite section mcEllert 
remiced . 

Chordwise Pressure Distrlbutfons 

srl the  discussion which follows, selected chordwise pressure a s -  
tributions f o r  the basic wing  and the tkr-ree spoiler  configuratiom are 

spoiler  con3iguration (upper-surfece  spoLler - no gap) t o   pe rn i t  the 
study of the  effect  of the spoilers on the flow over the wing. 

r used in  conj-action with unpublished tu2t photographs obtained on one 

. " 
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Up-oer-surface spoiler  witkout EL gap.- F5gme 10 shows the chordwise 
pressure  distributions o6tnined a t  seven s-oanwise stations a t  several 
kach numbers. For a Ekch number of 0.60 ( f ig .  10( a )  ) zynd low arglcs of 
attack,  the presence of the  spoiler  resulted  in  increased  pressures 02 

the usper  surface &ead of the  spoiler. The 'nighest  pressures were 
Med ia t e ly  ahead of the  spoiler,  the peds  being in   the  corner ahead of 
the  spoiler-fuselage  juncture. This peak was sharp, but elsewhere along 
the  spoiler  face a re la t ive ly   f la t  peak about 0.1 chord i n  width indi- 
cated a separated Plow region. T a t  studies  confirxed thLs resul t  6ad 
showed that  the flow on the wi- surface i n  this region was toward the 
t i p  and parallel   to  the  spoiler.  

Behiod the  spoiler on the upger surface t h e  pressures (fig.  l O ( a )  ) 
and tuft studies also ifidicated a sepzrated flow condition. Lrmedia-tely 
adjacent to the  fuselege,  the  separation extended  only c few percent of 
the chord behind the  spoiler and was followed by complete recovery of the 
flow.  Since the expamior, o r  turn made by the   a i r  aver the top of the 
spoiler was very  abrupt,  the  pressures reached at this point were quite 
low, being  abozt  the sane as  those  resched at the  leading edge ai; high 
angles of attack. Somewhat farther out on the wing ( a t  0.25 semispan), 
the  extect of the  separation was greater, recovery bei" made at about 
the   t ra i l i rg  edge. Because of the  increased  extent of the  separated 
region,  the air turned down toward the  surface  less  cbrustly  than at the 
more inward locations, a d  -iAe pressures reached were not as low. Out- 
board of 0.25 sedspan,  cmplete  sepwation of the flow behina the spoiler 
was indica5ed by the f l a t  pressure  distributions. The pressure i n   t h i s  
region  steaaily  increased toward the wlng t i p  but was always less than 
for the  besic wbg. 

. 

Apparently the flow aboat  the  ssoiler was smewhzt similar  to that 
described i n  reference 10 for a two-dimensional supersonic  case m d  as 
i l l u s t r a t e 6   i n   f i g n e  11 b u t  combined w i t h  the c i rcda tory  flow patterns 
in   the bollndary layer was the outboard novement of the boundary layer   in  
the  regisns alrlead and behind the spoiler. Tke presswe  distributions 
were smewhat sMlar  t o  the  two-dirrensiond  case, and the  circulation 
in  the  separated  arees also appeared t o  be present. Ahead of the  spoiler 
this circulation was evidenced by the  spoiler  face  pressure  distributions 
t o  be discussed  later, whereas behind t'le spoiler  the  direction of the 
tufts indicated that the air on the wi~z surface was moving towsrd the 
spoiler (in  addition t o  moving outbozrd). Since thAs circulatlon was 
cmbined w i t h  a spanwise movelzent, the flow may be described as  two 
vortex-type motions, one ahead of the  spoiler and the  other behfnd the 
spoiler. 

The lcwer-surface  pressures on the wi l lg ,  as shm-  in  f igure lO(a) , 
were c o t  changed i n  the ir-board areas because of the  presence of a spoiler 
on the upper surface. A t  about 0.30 semispan, however, the separzted  area 
bebind the  spoiler Gn the upper surface reached the  trail ing edge  and  from 
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.this point on the  senispan t o  the tip  the  pressures on the lower surface 
were reduced  because of the  im3ueme of' the  upper-smface flow. Out- 
board of 0.35 sdspul  the  reduction i n  lower-s-=face pressure exteEded 
all the way t o  the  leaaillg edge. 

-4s the  angle of' attack was increesed, it was apparent that the 
effect  of the  spoiler OIL t'ne wirg a d  not cbange appreciably mtil angles 
of attack were reached where the flow sepmation on the  basic w i n g  began 
t o  progress  inboard from %he t ip .  (See fig. lO(a).) At these angles or" 
attack,  the  spoiler  effectiveness was reduced, as woilld  be expected, 
s i m e  reising the spoi ler   into a separa"led flow region where the air 5s 
already novi-?g para l le l  t o  the  spoiler sbould not have ana effect.  (A 
discussion perteini.378; t o  the flow over t'ne basic wing nay be found i n  
ref .  11.) 

As the Mach mmber was iccreased frcm 0.6 at  zero  angle of attack 
(fig.  l O ( a ) ) ,  there w a s  110 change apparellt i n   t he  w z ~ r  w h k h  the spoiler 
affected  the f lov  un t i l  about Mach nm3er I .O (fig.  lO(e ) ) . Beginring 
a t  this speed the  lower-suSace  icTluence w a s  less  extensive, being gen- 
e r d l y  confined t o  the area behind the 0.70-chord U F L .  A t  higher  angles 
of attack the  upper-surface  influeme ahead of the spoilers vas also less 
extensive fo r  -5ne higher  sseeds. This effect  was mai~dy noticeable over 
the  inboard s t e t tom md w a s  probably caused by the presence of a shock 
wzve associated w i t h  the separation goizt ahead of the  spoiler. The 
presence of thLs shock wave would have opposed the trsnsnission of the 
pressure  increase ,=heed of this point except outboard where the b o t a r y  
layer w z s  cozsiderably  thickened. 

The effects  02 these pressme cha-nges on the rolli-ag moment were as 
follows: The sressures OEI the upper surface &ead of the  sgoiler and on 
all the lower surface changed in  a direction t o  decrease  the l i f t  m-6 
thus  coll-lribute t o  the rolling raonent,  k-hereas the sressure decreases 
behhd  the  spoiler on the upper surfece were adverse.  Inboard t M s  
adverse  contribution was enough t o  completely offset  the s d l  favorable 
co_n_-i;ribution which occurred et these  stations. Thus, the spm load Cis- 
trlbutions (fig.  8) show the  largest  Eornral-force decreEnts t o  bave 
occurred  outboard (between 0.6 and 0.8 semispan) end tht the corkrLbu- 
tFon of khat park of the w i r ?  inboard of 0.3 semispan wzs generally 
unfavorable. These pressure cbs.zz!es also illdiczte tae reasom  for %he 
discontinuities i n  the g a e l  ce-n-ter-of-pressure locatiom shm- i n   f i g -  
uTes 6 and 7. Zero pmel  l i f t  occwred a t  a snail positFve  angle of 
attack and for  ezch m e  of attack  the  unaffected  inboard  sections were 
positively loaded, whereas the outboexd,sectiors, where the  spciler w a s  
most effective, were negatively  lozdea. 

The ineffectiveness of the  spoiler  inboard of 0.3 serds>an- i s  Eot 
too hportant   s ince the r o l l  noEent m Fs s?m,ll, but  the  large  pressure 
difference  across  the  spoiler nem the  fuselage i s  undesirable  since it 



contributes  heavily to   the  drag. These adverse r o l l  and drag effects 
inboard m y  indicate  that an irrlprovezect could be obtained by  removing 
the inboard p a r t  of the  spoiler, but there is a likelihooe that the 
region of adverse effects wo-dd then move outbosrd. In  other words, 
the  trouble nay be associated  with  the i m e r  end of the  spoiler =ore 
than with  t5e  inboard  area of the wing. 

Effect of a ga? through the wing behind an  upser-surface  spoiler.- 
Figure 12 compares chordwise pressure  distributions of the  basic wing 
wiih those  of-the  spoiler-with-gap  configwatiolz throughout  the Mach- 
number and angle-of-attack r-e, and figure I3 cmpares  the  configura- 
tions  with and witnout gap at a f e w  points. 

It appeared that the gap served t o  relieve  the  pressure  difference 
between the upper- and lawer-surface  trailing-edge regtor!! but i ts  pres- 
ence did Rot affect  the exte_n-t of flow separation behind the  spoiler. 
Evidently, the  quantity of flow through the gap was tco s d l  to   a f r ec t  
the extent af flow separation or the flow was not  directed  through .the 
gz;p progerly t o  decrease  the  extent of flow sepsration. 

A t  a l l   W l e s  of attack end Mach n-mbers the gap was ef fec t ive   in  
irrcreasing  the  upper-surface  pressures behin& the  spoiler. The gap was 
also effective  in  increasiag  upser-surface  pressures ahead of the  spoiler, 
but t h i s  effect  WAS very small EL low angles of attack. Both of these 
effects  increased the rolling effectiveness. On the lower surface, 
erfects of the  gas were lhi ted  to   local ized  pressine changes. I 

Lower-surface spoiler w i t h  %, gap.- The effect  of a  lower-surface 
spoiler ahead of a w i n g  gap on the wing pressures i s  shm- in  f igure 14. 
A t  the lower angles of attack,  the  lawer-surface  spoiler was equivalent 
i n  i t s  effect  on the flow to the  qper-surface  spoiler,  the  basic con- 
figuration being  completely synmetrical about the chord plane. The 
appropriate p s r t  of the  discussion on upper-surface spoilers  therefore 
applies. As the  angle of attack w a s  increased, however, the lower-surface 
spoiler became ineffective and  above about 10° produced losses   in  lift 
rather th.m izcreases. The changes leading t o  these  losses i n  l i f t  were 
as f ollaws : 

(1) The region of increased  pressure ahead of the spoiler on the 
lower surface becane less  extensive. 

(2) Behind the  spoiler, the lower-surface  pressures became  much less  
than correspollding basic w i n g  pressures m d  hence there w a s  a large reduc- 
t i o n   i n  norm1 force over the trailing-edge  region. 

( 3 )  Then the  angle of attack was reached where separztion  existed 
on the upper surface,  the  influence of the lower-surface spoiler i n  
reducing  ugper-surface  pressures vanished. 

1 
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Thus, the two fmorable  influences  noted  for ugper-surface spoilers 
both becaue l e s s  f o r  the lower-surface spoiler BS t'le angle of attack was 
increased, whereas the unTavorable influence becarre greater. Th5.s 
increase with angle of attack of the unfavrable trdling-edge loadirIg 
did r ~ o t  occur with the spoiler on the ugper surface. 

Oppositely  Deflected  Spoilers 

A corrfigura-lion was tested ir?, which the l e f t  wing hzd an upper- 
surface  s-goiler a d  the rLght wing had a lower-surface spoiler. TGere 
was no gap  t:rlough the wing behid  e i ther   spoi ler .  

Cangarisom showing the  effect of the  lo-ver-surface  spoiler on span" 
load  distributions f o r  the wing havi-ng the ugper-surface spoiler are  pre- 
sented in   f igure 15 for  three  regresentative Mach n-ambers. Study of this 
figure m-d unpublished cmparisons a t  other Mach numbers  showed tmt the 
presence of the right-wirg lower-surface spoiler reduced the  effectiveness 
of %he left-wing  upper-surface spoiler a t  a n  angle of attack of Oo f o r  
mch mmbers above 0.90. For a l l  other  conllitions the reverse was true, 
although  the  differences  appeared t o  be s d l  i n  every  case. 

A t  abowb 1l0 t'lere were inconsistencies i n  the span loadilrxs through- 
out  the  spee& range, possibly because a t  this angle of attack  the  extent 
of t'le separated flow on tb,e wing w a s  not dways comistent. ssall dif- 
ferences i n  surface  coaditiops on the w5.w could probably hzve varied  the 
extent of sepsration at this angle or" attack enough $0 sccount f o r  the 
differences shcrm. 

12 order t o  iiete-dne  the -tude of the  roll ing rncmect repre- 
sented by %he differences shown i n  the span-load plots of figure 15, the 
differences were plotted t o  a l a rge r   s cde  and integrated  for  nment 
.=bout the  plane of symnetry. The rolli~~-mment-coefficient incremnts 
so obteiced i n  general were l e s s  thaa f0.0016, wikh no comistent Mach 
nmber  effects discernible. Thus, the cezry-over effects between wings 
were quite small, probsbly because of the i m b i l i t y  of the spoue r   t o  
affect   the inboerd w i n g  sectioc  loads t o  any great  extent. 'This irdica- 
tion should  lend  credence t o  the use of reflection-glane  test  techniques 
for  obtainLng dzta on t ' d s  type of control OD swept wings. 

Chordwise pressure  differeoces have been compared at one speed oriLy 
(fig. 16) t o  show the  effect  of adang the lower-surface  s_noiler -Lo the 
opposite wiog. Tle generdly small af ferences  were -Lypical of all 
speeds. 
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Spoiler Loadings 

Pressures a t  each span-wise s ta t ion on tke spoilers were integrsted 
ill such a manner as to  obtain  the  press-ce  force  coefficient normal to 
the  spoiler chord lrne as indicated i n  the list of spbo l s .  Figure 17 
shows distributions  across  the wing span of these  spoiler  section normal- 
force  coefficients  for  the tbrree spoiler  configurations weighted for  
spoiler  height. 

For uFper-surface spoilers, the highest  loads  occurred a t  zero 
angle of attack. As the angle of attack was islcreased, the  spoiler 
loads,  especially  near t i e  t i p ,   f e l l  rather rapidly. A t  about an a rs le  
of attack ol' 1l0, when flow sepzratioc  existed over a considerable  por- 
t i an  of the outboard w i n g  area (see  figs. 10 and l2),   the s-goilers were 
unloac3ed outboard or' 0.40 semispan f o r   a l l  Mach nmbers. ThLs l o s s  of 
spoiler  load  contrasted w i t h  the wing span-load distribzbions  (fig. 8) 
which show that l i f t  decrements caused by the  spoilers extendei! much 
farther outboard a t  this an-gle of attack. Ap;?arently, the inboard  por- 
tions of the  spoiler had an i&luence on the  separated  flow  over the 
outboslrd  wing areas. A t  higher arigles of attack, where flow segzration 
extended  over =ore of the w i n g ,  this inflilence dimhished. 

Addition cf a gEp through the wLng bekind tile  spoiler  resulted i n  
a reduction or" the  loads on the sgoiler  for  nearly all conditions.  Fig- 
ure 18, which m k e s  a  few cmparisons of pressures on the upper-surface 
spoiler  with and wi-thout  gap, shms th.ak t h i s  reduction  resulted from 
increases in   t he  low pressure  an the Sack of the spoiler. These increases 
were probably due t o  the flow of high  pressure sir fram the lower surface 
through the gap. The largest   re l ief ,  as night be expected, was Fnboard 
where the  pressxes behind the  spoiler were lowest. 

Figure 18 shows that, at 0.25 sen5sgan for  angles of atteck ' ~ p   t o  
16' end at other  stations for  low angles, the front  face  pressures on 
the spoiler were somewhat lower ir, the  center of the  spoiler  than at the 
top and  bottom. T h i s  type of pressure  distribution i s  similzr t o  that 
shown i n  reference 12 and pro3ably  indicates tht there was a circulsltion 
of the  segarated air aheed of the  spoiler ss i l lust rated  in   f igure 11, 
since such a circulation would result i n  higher velocities (md lower 
gressures)  near the center  than at the top or bottom. 

For .z lower-surface spoiler,  figure 1'7 indicates that the  loads con- 
t i m e d   t o  increase -io tke highest  angles of attack of these tests. Fig- 
ure 19, Thich c q a r e s  the pressures on upper- and lower-surface spoilers, 
shows that the load on the lower-surface  spoiler  increased w i t h  angle of 
attack because the  presswe  ccefficient 011 the front  face of t l e   spoi le r  
remained at an  approximately  constant  positive vdue  through the angle- 
of-attack range, whereas the rear  face  pressure  coefficient became nore 
negative w i t h  i nc reas iq  =le of attack. 

8 



1 

Lnasncch as the spoiler pressure distributions were quite  recten- 
gular f o r  ~ o s t  conditiors, it would seem that E. satisfactory measure 02 
the  spoiler  loads  could be obtained from a pair  of orifices et each sta- 
tion  located  in  the wi,ng a t  the base of the  spoiler, one o r u i c e  being 
hmeCiiately ahead of the spoiler and the  other  bnediately behind. I n  
order t o  test this supposition, the loads on the  spoiler have been deter- 
miced by tb i s  netcod st two speeds, Mach nunber 0.60 end 0.98, by using 
the  closest  available wing orifices,  wbich were at 0.65- and 0.75-chord 
locations. The pressure at  the 0.65-chord location w e s  a s s u e d   t o  be 
the sane ES tha t  on the  front  fsce of the  spoiler and the  pressure at  
0.75-chord locetion was assmed t o  be the  saze  as that OZ t'ne rear  face. 
T'he resul ts   are  sho-cm by the synbols i n  figures  17(a) and l 7 ( f ) .  Agree- 
ment wes good f o r  lrost cmditions  but would probably have beenbe t t e r   i f  
orifices  closer t o  the spoiler had beea available. T3is is especially 
true a t  the  inboard stations where -She extent of t'ne seperated flcw =he&& 
a d  behind the  spoiler was s d l .  It i s  therefore beldeved that a pai r  
of properly  located  ori2ices on Yne wi-rlg at each s ta t ion would gtve  loads 
on this type  spoiler es good as those  obfained i n  the preser-t tests w i t h  
seven or i f ices  O L ~  the spoiler .zt each stetion. 

An izvestigstion was cocducted wit'n 73-perce~t-semIsgax  inboard- 
spoiler  eilerons harkg heighks of 4 perceEt of the l o c a l  chord and 
located on the  70-perce~t-chord  line of e, k5O sweptback-wing-IZuselage 
cmbir_atio=.  3ressure dzta were meesured 02 the w i n g  and spoiler at 
several sparwise stations at  Mach n-mbers frm 0.60 Reynolds nun- 
ber 5.1 x lo6) t o  1.03 (Re3molds  number 6.2 x lo6) f o r  an-gles or' attack 
tha t   usudly  exteoded t o  20° or  more. The resul ts  of tb.e iovestigation 
indic2te the fo?lowir!G conclusions : 

( 

(1) Operation of upper-surface  spoilers a t  law and noderate rrlgles 
of ettzck produces nomud-force decrements wUch are largest  il?- t'ne 
0.6 t o  0.8 s d s g a n  mea of the wi-ng. Most o,+ m e  no-"force decre- 
Eent is associated w i t h  increases  in  the upper-surZace pressures &e&d 
03 the  spoiler clue t o  2. decelerztion of the a i r  &pproacMng the spoiler. 
An a d d l t i o d  contributlhg  factor i s  a h c r e e s e   i n  lower-surfece pes-  
s u e s  resulting from transdss ion  of upper-surface  pressure changes 
around the  t ra i l ing ecige. 

(2) RoUirg-mmest  effectiveness i s  reduced for upper-surface spoilers 
at high  mgles of attack because they do co t  have much effect on the sepa- 
rated flow which occurs on  t'ne basic swept win4 at these  angles or" attack. 

(3)  EL gas -LbTougb the w i n g  behiEd the  spoiler i s  effective fn 
iccreasilrg  the  rolling-nment  effectiveness because it p e d t s  a re l ie f  
of the  pressure  dir'ference between the Epper- and lm-er-wi??q; surfaces. 



(4)  Lower-smface sgoflers  give  reversee rolLing-mment effective- 
ness a t  mgles of attack Mgher  thxa  about loo primarily because there 
i s  z large  decrease i n  pressure behind the  spoiler on the lower-wing 
surface a t  the  higher  angles of attack. 

( 5 )  A lower-surface spoiler has  only a small effect  on the rolli?l&s- 
moment effectivemss of a. spoiler  located on the upper surface or" the 
opposite w i l l g  . 

(6) Spciler  section  loadings  are  highest a t  the  inboard end. For 
upger-surfzce spoilers, t'te spoiler  loading  decreases  rzpidly  with 
increasing  angle of attack,  es2ecially outboard. For a lower-surface 
spoiler, however, the  spoiler  loading  increases  with  angle of attack. 

(7) Spoiler  section  load at any point dong a spoiler of this  type 
can be d e t e d n e d  by measurement a t  the w i n g  sljrface of the pressme 
drop  across  the  s-goiler. 
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* 0 1 0  
- 0 0 8  
. a 4 5  

. 4 4 9  

. 0 4  4 
* 1 0  3 
. o s 9  . I O  2 . I1 0 
.I1 4 . I 2 7  
. I 2 6  

. 1 3  3 

. 1 3 8  

. 1 4  0 

. 1 3 6  

.13 5 

. l 2  8 
-1% 5 
. 0 9  9 

.os1 
- 0 0 0  
.038 

- 0 2 2  
- 0 4 8  

. 1 2  4 
- 0 9 1  
.10 1 
- 1 1 4  
- 1 1 6  
- 1 2 2  
- 1 3 2  
. 1 4  2 
. 1 4  4 

- 1 4 6  
* 1 4  3 

. 1 4  7 

. 1 3 7  

.:lo 
. 0 8 6  

. 0 4  8 

. 0 3 1  

.oo a 

. O L 4  

. 0 4 4  

. ~ 2 a  

. 4 6  7 

. 0 9  1 

. 1 3 8  

. 0 9 0  
* 0 7 1  . 1 0  I 
. 1 2  4 
. 1 2  5 
. l a 6  
. 1 3 4  
. 1 4  I 
- 1 3 9  
- 1 3 7  
- 1 3 0  
. 1 2 5  
- 1 0  4 
. 0 8  2 

I 0 4  6 
- 0 1 7  
* 0 1 1  
. 0 3 9  
. 0 6 6  

- 0 7 4  . I O  7 
- 1 1 4  
* 10 3 
.111 
. l 2  8 
. 1 3 7  
. 1 3 e  . t 3  9 
. 1 3 6  
- 1 3  9 
. 1 3 1  
-12 6 . 1 l o  
. 0 9  4 

. O l S  

. 0 4 2  

. 0 2  2 . 0 2 0  . 0 5 0  

. 4 4  3 

. 0 8 a  . 0 7  1 
- 0  9 6  
.111 
. I 2 3  
. l o 4  
. 1 2 2  . L 1 2  
. 1 1 2  
. 1 1 4  
. l o 6  
- 1 0 3  
. 0 9 5  
- 0 8 3  
. o s 9  
. 0 4 8  
. 0 4 0  
* 0 17 
* 0 L O  . 0 3 7  
. 0 5 2  
. 0 7  0 

* 1 0 9  
.:40 

. L O 9  
- 1 3 7  

. 1 4 0  

. 1 3 6  

. I 3 6  . 118 . I l a  
- 1 1 5  
-111 
.108 
. a  5 9  
- 0 9 2  
. 0 7  5 
- 0  5 0 
. a 3 9  
. o 2 9  
-011 
. 0 1 5  
. o  3 1  
. 0 5 7  

. 1 1 5  

. 0 8  3 

. 0 5 4  

. o o  5 

. 0 3 0  

* 0 9  2 
. O b  9 
- 0 7 1  
. 0 8 7  

. I 2 1  

. 0 9  Y 

- 1 3 0  
- 1 4 2  . 1s s 
. 1 6 3  
. I 6  2 
.17 0 
.178 
.17 0 
- 1 5 5  
. ~ 3 a  

. 0 7 8  

. 1 0  8 

. O S 8  
- 0 3 1  
. 0 0 3  i ~~ ~ 

- 9 0  5 
1 . 4 7 1  . 8 4  4 

. 5 4  1 

- 4 4 6  
- 4 9 3  

- 3 7  0 
- 3 4  3 
. 3 1  5 
- 2 9 6  
. 2 8 1  
. 2 6 1  
- 2 4 4  
. a 2 4  
- 2 0  5 
.17 7 
. I 4  9 

Fd=om a.4.e 

1 . 2 5  
. oo  

2 . 5 0  
5 . 0 0  

10.00 
7 . 5 0  

i S . 0 0  

2s. 0 0  
2 0 . 0 0  

3 0 . 0 0  
3 5 . 0 0  
4 0 . 0 0  
4 5 . 0 0  
5 0 . 0 0  
5 s .  00  
6 0 .  O C  

7 0 . 0 0  
6 5 . 0 0  

7 5 . 0 0  
8 0 .  0 0  

9 0 . 0 0  
8 5  . O O  

9 5 . 0 0  

. 0 1 3  
* 1 7 0  
. 2   4 3  
. 2  7 5  
.P 7 7  
. 2 6 4  
* 2 6 6  

. a 6 4  
- 2  61 

. 2 7 0  

. 2 5 6  

. 2 6 0  

. a  6 4  

. 2   3 9  . a 4 7  
. 2   5 1  
. 1 9 8  . 2 9 8  
. 2  0 5  
-178 
. 1 4 2  
. 0 9 3  

.3 O B  
* 2 7 2  
. 2   1 7  
.189 

. 1 2 0  

. l 6 4  . 0 7 1  
- 0 7 5  
- 0 2 6  
- 0  0 5  
.o  0 4  . 0 27 
. 0 5 2  
- 0  61 
. 0 6 6  
- 0  7 5  . 0 6 8  . 0 6 7  . 0 4 7  

: 0 5 5  
0 69  . 0 5 4  

. a 7 6  

- . 2 4 .  - 1 . 0 9 2  
- 5 8  a 
- 4 6  5 
- 4 0  0 

. 3 4 r  
- 3 2 2  
. 3 1  2 
. 3 0  7 
. 3 0  0 
* 2 9  7 
- 2 9  1 
- 2 8  3 
- 2 ' 1  3 
. 2 5  2 
. 2 2 4  

. 3 7 :  

- - 4 7 1  - 1 . 3 1 i  
- 7  1 8  
. 5 4 6  
. 4 5  8 
- 4 2 9  
* 3 9  4 
. 3 5 5  

. 3   2 6  

. 3 1 0  
- 5 0 1  
. 2 8  5 
. 8 7  0 
- 2 4 4  
. 2  1 7  
.18 8 

. 3 3 e  

- - 6 7 3  - 1.376 - . 6 7 9  
- 5 1  2 
- 4 4 0  
. 5 7  4 
. 2 7 5  
- 2 5  1 
. a 1 9  
. 2 0 0  
.151 
. 1 7  2 
. 1 6 l  
. 1 4 7  
. 1 3 5  
- 1 0 1  
- 0 8 5  
. o r 5  
- 0 4 7  
. a 2 7  
- 0 0 2  

-030 
. o  1 3  

I. 3 4 4  
. 9 6 9  

- 9 0 %  
. 5 5 5  
* 4 7  2 
. 4 2  4 
. 3 7 0  
* 3 1 9  

- 2 6 0  
. 2 4 3  
. 2 2  a 
- 2 0  1 

- 3 . 6 6  
. - 3 5  
I 1 0  5 

. o s  1 
* 0 2 2  

. 0 4 0  

. 0 0  7 

* 0 6 7  

. 2 a  7 

. l e  e 

- . 3 4 9  - 1.538 
. 7  6 6  . 5 6 1  
. 4 7 9  
. 4 4  8 
. 3   9 3  
.3 5 6  
- 3 3 1  
.3:7 
. 3 0 2  

- 2 6 5  
. 2   5 6  
- 2 4 1  
. 1 7  5 
. 1 7 2  

. 2 e 6  

. 1 ?  1 

.13 1 
* 0 9  4 
- 0 5 6  
. I212  

. 3   5 7  

. 2 0  1 

. 1 4  s . 11 6 

. O b 9  

.037 

. a 0 4  

- 0 4 0  
. a 2 1  

. o s 3  

. 0 7  0 

. 0 8  3 

. 0 8  1 

. 0 7 7  

. a 7 5  

. aa o 

- 1 2 7  
- 0 9  3 
. 0 4 0  
. 0 2 5  . 0 1 6  

- 3 7 7  
. a 9 7  
. P O 4  
-16 3 
- 1 2 7  
- 0 8 4  
. 0 4  1 
- 0 1 2  
- 0  I1 
. 0 3 5  
. 0 4 8  
. 0 5  5 
- 0 7 0  
. 0 6  9 
. o s  8 
. O S 8  

- 0 3 9  
. 0 2  3 . 0 0  0 
- 0 1 2  
. 0 3 e  

. % 1 4  

. 0 7 7  
. 0 4 7  
. 0 0 7  
. 0 0 2  

- 2  9 3  
- 3 6 2  

- 2  5 8  
. 1 9 4  

. 0 8 7  

. 0 5 0  
I 0 L 9  
* 0 0 2  
- 0  17 

- 0 6  6 
.031 

- 0 5 1  . 0 5 2  

* 0 4  4 

- 0 0 7  
. 0 2  8 

. 0 0 7  

. a  X 6  . c 4 1  

.;sa 

. 0 5 a  

. 0 8 6  
- 0 5 7  
- 0 1 9  
. O I 5  
. 0 3 9  

. 4 1 3  

. 3 3  1 

. 2 4  0 

. l a  3 
- 1 4  5 . L O  3 
. o s 1  
. 0 3 3  
. 0 0 9  
. 0 0 6  
- 0 1 9  
- 0 3 5  
. 0 4  0 
. 0 4 5  
. 0 3 9  . o a 2  

.oo  7 . 0 0  5 

. 0 1 7  
- 0 5 3  
. o s 7  

. 5 7  6 
- 2 8  7 
.180 
-101 
. o s  4 
- 0 0 5  
. 0 4 1  
- 0 5 6  
. 0 7 1  

. 0 8 0  

. 07  5 

. 0 8 3  
- 0 8 2  

. a 7 3  
- 0 8 2  

- 0 5 5  
. 0 4 9  
. 0 4 3  
. 0 3 s  
. 0 0 3  
-003 
. 0 1 7  

I 
I 

- 0 3 5  
. 0 6 3  

- 0  27  

1 0 0 6  I 016 

2 . 5 0  
1 . 2 5  

5 . 0 0  
7 . 5 0  

1 0 . 0 0  
1 5 . 0 0  
2 0 . 0 0  
2 5 . 0 0  
3 0 . 0 0  
3 5 . 0 0  
4 0  m 0 0  
4 5 . 0 0  
5 0 . 0 0  
5 5 . 0 0  
5 0 . 0 0  

7 0 . 0 0  
6 5 . 0 0  

7 5 . 0 0  
8 0 . 0 0  

Y O .  0 0  
8 5 . 0 0  

Y S . 0 0  

. 3 5 3  
- 2 4 4  
- 1 9 7  
- 1 6 5  
- 0 9  2 
. o s 9  
. 0 2 7  . 0 0  3 
. 0 2 6  
. 0 4 1  
. o s 5  
. 0 6  4 
. 0 5 5  
. o s 5  
- 0 4  3 

. O i 4  

. 0 0 2  

. o a a  

. 0 2 7  

. 0 5 6  
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TARLE I B.MC WlSG 

1 . 5 7 0  
1 . 3 9 6  
2 . 1 6 0  

. e 9 3  

. 7 8 3  

. 6 7 8  
- 5  5 7  
. 4 8 3  
. 4 5 3  
. 3 5  9 
. 3 6 9  . 3 3 5  
,3 1 0  

. 2 4 3  

. a 7 7  

. 2 1 3  

. 1 8 0  

' 
1 . 2 6 8  
1 . 0 5 5  

, 9 9 2  
i 8 6 5  
:?a3 
. 7 0 7  
i 5 8 5  
. 4   9 6  
. 4  1 7  
. 3 6 9  
, 5 2 4  
. 2 8 5  
. 2 5 6  
. 2 2  0 

r 1 6 0  
- 1 9 2  . I 3 1  

. 0 7 7  

. 0 4 9  

. 0 2  6 
- 3 0 3  
- 0 2  4 

. 4  1 0  
6 3 1 9  
. 2 6 2  
. 2   3 5  
. 1 6 3  
. I O  5 

i o 3 7  
. 0 71 

i o 0 8  
. 0 1 4  
- 0 3 1  
. 0 4 4  
. o s 2  
- 0 4  3 
. 0 5  3 

l C 4 O S  
l c 4 4 0  
1 5 3 5 8  
1 . i 2 4 2  
l l 0 2 7  

T 6 6 2  
C273 
P a 6 9  
t 2 5 8  
S 2 2 3  

. 1 9 4  

t 1 6 8  
0 1 8 6  

v i 6 2  
0 1 2 7  
e117 
- 1 0 9  
: 0 9 8  
S O 8 1  
1 0 6 6  

1 0 4 4  
c o s 5  

Z 4 2 4  
r 3 6 1  
5 8 5 6  
e 1 6 9  
: l o 8  

r o o 2  
5 0 3 2  

e 0 4 1  
P O 6 3  

. 0 7 9  
E 0 8 3  

- C O B 8  
1 0 8 5  

1080  
8 0 6 6  
0 0 5 9  
:OS7 
L O 4 4  

V O l B  
: 0 0 5  

5211 

* . 0 7 0  

;oa7 

x 5 4 8  
. 0 1 9  

c ' 4 1 5  
F 4 1 5  
s 4 0 1  
* 373 
. 3 5  9 
. 3 4  1 

i 3 3 1  
Y 3 1 3  
c 3 1 2  
T 3 I 1 *. 2 7 7  
r 3 1 5  

. 2 8  2 

. 2 8  3 

- 2 1  8 
. 2 2  2 
2 2 2 2  

i' 1 4  8 
. 1 9  0 

I 

. 3 3 5  ! 
' 

. @ a  8 

i 3 6 6  
o 3 3 6  
'2 3 1 0  
i 2 8 2  

. 2 1 4  I 

. 2 5 5  

" 5 4  I 
. 1 6 3  : 

- 0 6 4  
. 0 7  5 

v 0 3 5  
. 0 1 i  
. 0 0 4  
. 0 1 5  
. 0 1 6  

. o 2 s  
s o 1 7  

. 0 0 4  

I 

.io1 I 

. 0 1 7  

1 . 0 8 2  
1 . 2 3 4  
1 . 0 6 7  

. 9 0 8  

. 7 5 6  

. 6 8 6  

. 5 ? 0  

- 4 4 0  
. 4 9 0  

- 4 1 1  
i s 8 4  

3 6 4  

3 1 1  
: 2 7 9  j 
. a 5 0  

: 3 3 8  ; 
: 2 1 2  I 

. o o  
1 . a 5  

5 . 0 0  - 
1 0 . 0 0  - 7 . 5 0  - 
1 5 . 0 0  - 
2 0  0 0  - 
3 0 . 0 0  I - 
3 5 . 0 0  - 

- 
a . 5 0  - 

2 5 : o o  I - 
:::::I I 
5 0 . 0 0  - 
5 5 . 0 0  - 
6 0 . 0 0  - 
7 0  0 0  - 6 5 . 0 0  - 
7 5 1 0 0  I - 
8 0 . 0 0 1  - 
8 5 . 0 0  I - 
9 0  0 0  1 - 
9 5 : O O l  - 

1 . 6 1 5  

. 6 9  2 

. 1 3 5  
" 4 6 0  
: 4 2 o  I 
';598 I 
. 3 6 0  ' 
- 3 5 1  I 
- 3 7 4  

c 3 2 3  I 
-337 

c 2 8  1 
- 3 0 4  . 
- 2 4 9  I 

1 . 5 1 1  
1 . 2 3 8  

d 9 6 7  - 6 6 3  
: 5 3 2  

4 2 0  

. 3 7 0  i 

. 3 4 9  I 

. 4  66  ! 

. 3 8 @  I 

9 2 6 8  

' 6 1 9 9  
. 2 0  s 

. 1 8 7  

- 0 9 9  
. 1 4 P  

. o s 9  

. 0 0 9  

. 4 5 9  
' ~ 3 9 5  
'.SO5 
. a 5 4  
- 2 1  1 
-16 0 - 1 2 3  
. 0 8 7  
. 0 6 1  
- 0 3 4  . 0 1 9  
. 0 0 4  
- 0 2 3  
. 0 2 6  . 0 2 7  
. 0 2 8  

. 0 2 4  

. 0 0 3  

.001 

: o 2 1  
. 0 0 9  

- 1 4 2  I 
1 0 5  

: 0 4 7  I 

-010 
- 0 2 8  I 

I 

-137 : 
. 0 9 9  

::E 
. O l 6  

. 1 l 6  

. 0 9 4  
- 0 6 2  
. 0 2 5  . 0 0 1  

. 4 0 8  ! 

. 4 1 3  

. 2 7 0  

. 3 3 0  I 

2 2 5  

. 0 9 1  

. I 2 1  

. O b 2  I 

. o  3 2  

.018 ! 
0 0 2  

- 0 2 2  

: 1 7 4  

: 0 1 2  

1 . 2 5  
2 . 5 0  ' 

7 . 5 0  
5 . 0 0  I 

ti::: I 
2 0 . 0 0  I 
2 5 . 0 0  ; 
3 0  0 0 .  
3 5 1 0 0  : 
4 0 . 0 0  
4 5 . 0 0  

5 5  0 0  
5 0 . 0 0  ! 

6 5 . 0 0  
7 0  - 0 0  
7 5  . o o  
8 0 . 0 0  
8 5 . 0 0  
9 0 . 0 0  
9 5 . 0 0  

6 0  1 0 0  j 

: ' 4 4 7  .?I 9 6  
. 3 3 7  

t 2 3 3  
. 2 7 9  

~ 1 2 5  
. 1 7 1  

* 0 9 5  
- 0 7 0  . 0 36 
* 017 
* o i l  6 
* 0 0  5 
* 0 0 9  
- 0 1 4  

; 

. 0 1 4  1 

- 4 5 4  
i s 9 6  
. 3 1 2  
. a 5 9  
- 2 2 0  
. 1 6 9  
.117 

. 0 1 5  

. 0 0  a 
0 1 7  

1 0 1 3  I 
- 0 1 4  I 

. o o e  

. 0 0 2  

- 0 4 8  
. 0 2 3  

.I" 
0.60 (I = 8.G' 

- 1 . 2 7 Y  ! - 2 . 2 1 3  : 
- . Y O 5  I 
- 1 . 1 3 Y  

1.030 I - - 8 2 9  - . 7 1 3  I - . 5 5 0  - 5 1 1  

- . 6 2 5  I 

- : 4 6 9  
' 
I 

- . 3 6 0  

- . 2 9 7  I 
- . 3 3 3  

I 

- . ? s a .  - 1 , 0 4 2  - 1 . 0 0 6  - . 9 5 6  - . g o 1  - . e 5 7  - . 7 7 9  - . 7 0 9  - - 5 5 7  - . 5 3 3  - . 5 4 9  - - 4 9 0  - . 4 3 8  - . 3 8 9  - . 3 4 0  - . 2 6 8  - . a 5 2  

- 1 , 2 5 2  

- . 9 4 4  - . 9 0 6  - 8 5 9  

- . 7 3 8  

- . 6 4 7  I - . 5 9 1  ! - . 5 2 4  . - . 4 4 9  - . 3 8 8  ' 
- . a 7 5  ' - - 3 2 3  ' 
- . 2 3 1  I 

- . 9 5 3  I 
- : e l 6  i - . 6 9 3  1 

- .IS8 I 

- 1 . 1 5 7  I - 1.483 - 1 . 5 7 2  - 1 . 0 5 5  
. 9 8  2 
. 8 6  5 
. 7 3 9  
. 5 2 6  
. d o 2  
, 3 3 5  
. 2 9 7  
. 2 7 7  
. a 5  5 
. 2 4  3 
. 2 a s  
. a 2 1  
. 2 0 8  
.13z 
. 1 8 2  
.17 8 

. 1 4 s  

. 1 6 6  

. 1 3 1  
- 1 1 7  

. a 0 3  

. 5  c o  

. 6  5 3  

. 6 2 4  
* 5 9 4  

. s o 3  

. 4  6 6  

. 4  5 0  

. 4   4 2  

1 4 0 5  

. s 4 3  

4 1 1  . 
3 9 6  . 
3 4 5  I 

. 3 4 1  , 

. 2 7 2  

- 2  6 6  I 
. 2  3 0  I 
. I 8 1  
. 1 1 3  

: 3 9 8  

: 3 4 8  I 

. a 83 I 

- 1 . 5 4 1  - 1 . a e v  - 1 . 2 2 1  ; - l . 1 5 7 '  - 1 . 0 3 0  I - . 9 6 5  

- . 6 7 4  
- . a 3 6  

- . 5 7 3  - . s o 2  - . 4 5 7  : - . 4 1 1  I - .373 - . 3 4 9  - . 3 0 3  - - 2 8 :  - . 2 4 0  

I 
i I 
I 

! 
i 
i 

; 

. O i  4 

. e 1 7  I 

. 0 2 7  , 

. 0 2 7  I 

. c 3 5  I 

5 . 0 0  - 
7 . 5 0  

1 0 . 0 0  
1 5 . 0 0  
2 0 . 0 0  

3 0 . 0 0  

4 0 . 0 0  
3 5 . 0 0  

4 5 . 0 0  
5 0 . 0 0  
5 5 . 0 0  
6 0  . O O  

7 0  . o o  
6 5 . 0 0  

7 5 . 0 0  
8 0 .  0 0  

Y O . 0 0  
8 5 . 0 0  

9 5 . 0 0  

a 5 . 0 0  

. 7 3 0  

. 6 6  9 

. 6 0  I 

. 5  5 1  

. 4 2  5 

. 3 1 5  

. 3 6 7  

. 2 5 7  

. 1 9 0  

- . a 2 5  - . 1 3 2  
- . i 8 D  

- . o s 7  - . 0 3 5  

- . 1 6 8  - -3.31 - . O B I  

- - 0 2 5  
- . 0 5 &  

- .1 '16 

- . 0 9 5  
- 1 1 4 2  

- . o s 5  - . 0 4 0  

- .118 - - 0 9 4  

- . o 1 2  
- . 0 3 4  
- . o s 2  I .12 5 

. 0 7  6 

. 0 9 0  

. 0 4  4 

.021 

. 4 6  1 
, 3 8 0  
. 3 2 2  
. 3 0  2 
. 2 1 6  . I C 5  
.I2 4 
. 0 8  9 

0 5 3  
: 0 2 b  1 . 00  4 
. 0 1 5  
. 0 2 6  
.033 
. 0 2 6  

. 0 2 2  

. O l O  

. 3 1 4  . 0 0  9 . 0 0  6 

I 

. 4 2 5  

. 3 9 3  

.308 

. ?. 6 6  

. 2 2 2  

. o a  3 

. D l ?  

. o o o  

. 0 3 0  

. 0 3 5  

. 0 5  5 

. O S 6  

. O S 8  

.Ob 3 

. o s  1 

. o s 2  

. 0 4 4  

. o s 9  

. 0 4 7  

. 0 2 7  . 0 3 6  

. 0 4 5  

. 3 6 8  

.3 € 9  

. 3   5 3  

- 3  6 5  
.3 3 7  

. 2   3 3  

- 1 6 0  
. 2 2 0  

. l a 9  . Ill . 0 8 0  . 3 5 1  .@ 30 . 0 17 

.013 . 0 08 

. 0 1 1  

. 0 1 1  

. a 1 0  

.or3 . 0 0 9  

. a e 8  

. 4 8  4 

. 3 8  2 

. 3   2 7  

. 2 8  5 
* 2 2  3 
.I8 2 
. 1 4  5 
. l l P  
. O B  z 
. 0 6  3 
. 3 3 5  
. 0 1 7  
.oo 9 

- . 0 0 2  
. 0 0  4 

- . 0 0 8  
. 0 0 7  
. o o  1 
. O i l  
. 0 1 5  

. 4 4  e 
- 4 6  7 
- 4 4 9  
. 3 8 1  
. 3  J 7  
. 2 8 9  
- 2 3  4 
.182 
. 1 4  1 
-117 
.081 
. 0 6  0 
. 0 5 9  
. 0 2 6  
. 0 1 5  . 0 17 
- 0 0 6  

. 4 7 6  

. 4 3 9  

. 3 8 9  

. 3 3 6  

. 3 0 4  

. 2  3 2  

. 1 8 5  

. 1 5 5  

. l P l  

. 0 9 3  

. 0 7 1  

. 0 4  9 . 0 3 0  

. O P O  
- 0 1 4  
. 0 1 4  

:::; I 

:"l: ; 
.118 I 
:::; 
::a: I 

. 3 8 @  ! 

. 3 3 4  

. 3 0 1  , 

. 1 5 1  I 

. 0 9 0  

. o 2 9  

. 0 1 3  , 

1 . a 5  
2 . s o  
5 . 0 0  
7 . 5 0  

1 0 . 0 0  
1 5 . 0 0  
2 0  . O O  
2 5 . 0 0  
3 0 . 0 0  

4 0  - 0 0  
3 5 . 0 0  

4 5 . 0 0  
5 0  .oo 
5 5  0 0  
6 0 ' 0 0  i 
7 0 . 0 0  I 
65:OO I 
7 5 . 0 0  I 
8 0 . 0 0  I 

Y O . 0 0 .  - 8 5 . 0 0  

Y 5 . 0 0 ,  - 
. 0 0 9  
. 0 1 2  
. 0 2 2  
. o 2 a  
. 0 3 2  

. 0 1 3  I 

.023 I 

. 0 1 0  . 

. o x 3  

. 0 2 3  . 1 1 



21 

TABLE I BASIC WIKING c 

c PERCEhT 
PRESSL-E COTFFICIEWT, P, AT: 

0.135b;Z 0.70b '2 0.55b, 2 0.40b;Z 0.25b;Z 0.@5b,'2 0.05b: 2 

bf = 0.60 Q = 11.2'' 

r 
! 

1 
I 
I 

1 i 

I 

. oo  
1 . 2 5  
2 . s o  
5 . 0 0  

1 0 . 0 0  
7 . 5 0  

I S .  0 0  

2 5 . 0 0  
2 0 . 0 0  

3 0  - 0 0  
3 5 . 0 0  
4 0 . 0 0  
4 5 . 0 C  
5 0 . 0 0  
5 5 . 0 0  
6 0 . 0 0  
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- 1.085 - 1.115 - 1.129 - 1.102 - 1.064 - 1.048 - 1.029 
-981 
-934 
- 8 8 7  

-756 

- 5 6 8  

. s o  3 

.523 

.403 
- 4 6  3 

. 367 . 29 9 

. 2 4 6  

. - 6 5  

.x26 . 0 8 9  

.059 

. 0 2  5 

.009 . OS 6 . O b 2  

.114 

-187 
.154 

. 24 3 

. 8 2  4 

. 7 7 5  

. 7 6  5 

. 7 5 8  

. 73 6 .74  6 

. 7 0 2  
- 7 0  2 

.663 

. 6 4 ?  

. 61 1 
-598 
. 5  8 4  
.52 2 
. 5 i  3 
.497 

.458 

. !C3 

. 1 3 a  

. a i  1 

. 6 8 0  

. 6 2  a 

. 4 e e  

.36 1 

. 4 4  6 

.52 9 

.37 3 

. 42 5 

.329 

.25 5 

.20 a . 1 5  7 
- 1 0 5  . 0 6  0 . 0 1 2  
.03 4 
- 0 7  6 . 11 6 
. L 6 7  
- 1 4 1  

.20 1 

.193 

-23 I 
- 2 0  9 

. 2s 1 

. 4e 9 

. s o  6 

. s o  6 

- 4 8  7 
- 5 0  I 

. 4 6 7  . 44 7 

.441 
-445 

- 4  37 
.42 6 

- 42 - 
- 4 4 2  
. 4 2 3  

.43 6 

. 4 2  6 

-37 5 
. 4 0 7  

.42 4 

.4a 6 

- 4 7  a 
- 4 0 0  
- 4 0 2  
- 4  1 7  
.407 
.38 5 
- 3 7  0 
- 3 5 3  
.327 
. 3 1 8  
- 3 1 1  
.307 

.3I2 

.309 

.312 

.332 
- 3 1 4  

1 0  I6 
.319 
- 3 2 2  
.315 
.311 

.439 
* 4 1 4  
.334 
. a s s  
.a03 
. i o 9  
-009 
-032 
- 0 8 7  
.la9 
.152 
.155 
.17 P 
. l a 5  
.La7 
.209 
- 2 1 3  

.244 

.24 3 

- 2 5 5  

.3a2 

.air 

. a 4 2  

- 1.416 1 - 1.345 - 1.358 : 5 0 0  - 
7 1 5 0  I - - z . % ! e a  I - 1 249 - 1 : 1 s s  I - I.I3L - 1 . 0 8 7  - 1,047 - 1.001 - - 9 7 1  - - 9 2 3  

1 ::x: j 
- . 7 1 5  
- -781 

25.00 - 
30.30 - 
35.00 - 
40.00 - 
45.00 - 
50.00 - 
55.00 - 
60.00 - 
65.00 - 
7 0 . 0 0  

8 0 . 0 0  - 
8 5 . 0 0  - 
Y O  .0c - 
95.00 1 - 

7 5 . 0 0  I 1 :::: I 
- . a 8 0  
- - 3 3 8  
- 

* 237 I 

-619 . 54 6 
. 4  97 
.467 

. s o  8 
-471 
.445 
.396 
.35 3 

. sa 1 

. 0 99 
-04 3 
-069 

. 0 0 5  

. 0 2 2  

. o l e  

. 0 4 1  

. o s 1  

. a 7 1  
-110 1 

. i s 5  I 

- 5 8 7  1 
.55e 
.49 8 

.33 9 

.a3 0 

.29 3 

-176 
. 21 0 
. 11 3 . i 4 8  

- 0 8  2 
. o s 3  
- 0  47 . 0 a9  

5 . 0 0  
7 . 5 0  

13.00 
1 5 . 0 0  
2 0 . 0 0  
23. 0 0  
3 0 . 0 0  

4 0 . 0 0  
3 5 . 0 0  

45.00 
5 0 . 0 0  
5 5 . 0 0  
60 - 0 0  

7 0 . 0 0  
6 5 . 0 0  

7 5 . 0 0  
8 0 . 0 0  
8 5 . 0 0  
5 0 . 0 0  
Y 5 . 0 0  - - :::: 1 -009 

- .038 - . o s 3  

- -017 I - . o l e  - .G44 1 - . o s 5  
- - 0 S b  

21065 

1.443 
1 . 4 6 8  

1.452 
1 . 4 5 7  
1'-439 
16352 
1.291 
1.206 

1.089 
1 . 1 5 4  

1 Z O O 8  

r e 3 5  
i 903 

.795 

.738 

.7 27 

. 8  65 

; 771 
. 7 7 5  

i 7 7 0  
;782 
.792 

* 7 69 
I 75 8 

i742 
- 7 5 1  

-730 
.718 
;709 
; 699 
- 6 9  5 
.69 0 

: 780 

- 6 8 4  

- 6 6 7  
. 6 7 0  

. 6 6 0  

. 6 S  6 

. 6 5 5  

. 6 5 0  
- 6 4 0  
-629 
- 6 2 2  
.612 
-604 
.594 
* 5 8 7  

.57  2 

. 5  78 

. s t  a 

- ~ 4 6 0  
C436 
r435 
z445 
c 4 4 5  
C430 
Z 4 2 8  
. 4  28 
1 4 2 0  

t420 
. 4 1 8  
1 4 1 6  
S 4 1 5  

0403 
5 4 0 9  

L413 
PO02 

- 3 8 1  

.36t 
g 3 5 6  

~ 4 2 1  

5391 

? s a l  

$509 
.so 5 

.496 
i499 
-497 
,492 

: 4 6 8  
- 4 8 2  

- 4 6 6  
i468 

-458 
.454 
-453 
-446 
.442 
-4  49 

.954 

.94 6 
- 9 5 4  

-948 
.952 

- 9 0  8 
- 9 2 3  

.e93 

. 8 8  1 

. 8 6 ?  

.846 
- 8 2 7  

-549 
.537 
.525 

.497 

.511 

-4'12 
- 5  10 
- 4 8 1  

.35z 
a406 

-298 

- 2  05 
. I 6 5  
-123 

- 0 4 3  
. o s 0  
.o 0 6  
* 0 28 
. o s 5  . IO9 
. 1 5 s  
- 1 8 6  
-239 
.292 

.4 4a 

.a48 

-433 
;404 
-4 17 
- 4 1 2  
.404 

.448 
i498 

-406 
.391 
.SA0 . I97 
.14 3 
. 0 8 8  
5043 

i o 6 3  
. 0 '4 

.10 9 
-147 
-187 

.a37 

.315 

.285 

. 3 2 5  

.534 

. a 5 0  

- . 6 2 8  I - -673 

- . 5 5 1  

- r419 
- 'Z480 j 

8 660 

-633 
1 6 4 6  1 
- 5 4 8  

; S I 6  
i s 3 1  

.478 
c44r 

-335 
- 3 8 3  

,289 

t 2 O 8  
6 2 5 0  

.168 

. 1 2 8  
-090 
. O S 8  
. 0 8 5  
. 0 0 8  

'io94 
.G69 1 

.32 7 

64 3 
.482 

.713 
- 6 7  8 
id12 
.53 c 
.498 
. 4 3 5  
.38  4 
- 3 5  6 

.273 

.314 

.239 
- 2 0 8  
- 1 9  0 
.16 6 

.llJ . oe 3 

. 0 4  4 
- 0 2 3  

I 1 0  a 

1.2s I 

10.00 
7 . 5 0  

15.00 
20 .oo 
25.00 
30.00 
35.00 
40 .OO 
41.00 
5 0 . 0 0  
5 5  . o o  
6 0 . 0 0  
6 5 . 0 0  

a o . 0 0  
3 5 . 0 0  



NACA RM L54Cl7a 
TABLE I BASIC WING . 

PERCLNT . 
P R C S S L ~ E  CoErFIcImr, P, AT 

CHORD 0.3355,2 ! I 
0.?50.'2 0.55h,'2 O.lOb, 2 0.4Lb 2 0.85b;Z 0.5w2 

M = 0.90 a = 19 80 

T T T 
1 . 2 5  

. o o  
2 - 5 0  
5 . 0 0  

1 0 . 0 0  
7 . 5 0  

1 5 . 0 0  
2 0 . 0 0  

3 5 . 0 0  
- 3 . 0 0  

4 5 . 0 0  
4 0 . 0 0  

5 0 . 0 0  
5 5 . 0 0  
SO. 0 0  
6 5 . 0 0  
7 0 . 0 0  
7 5 . 0 0  

z 5 .  0 0  

a o .  0 0  
a s .  O D  
Y O .  0 0  
Y 5 . 0 0  

- . c  - . 6  

I 1:; - 1 . r  - 1 . 0  
1 . 0  

. 9  

. 9  
- 8  
. 7  

. 7  

. 7  

. 7  

. 6  

. 7  

. 7  

.6 

. 7  

.6 

.6 

. 5  

. 6  

- . 9 3 2  . 5 9  6 . 5 8  I) 
. 5 9  a 
. 5 8 0  
. 5 9  4 

. 5 9  2 

. 5 9 6  

. 5 8 3  

. 5 6  5 

. 5 7  1 

. 5 7  2 

. 5 6 6  
- 5 6 3  
- 5 6 2  
. 5 5 6  
. 5 5 2  
. 5 5 8  

- 5 3 9  . 5 1  8 

. s o  4 

. 5 1 5  

. 4 8  7 

. 4 9 9  

. 4   5 5  

. 4 8  4 

. 4 1 7  

. 3 7  3 

. 3 1 7  . a 6 2  . ao  9 

. 1 5  9 

.10 9 

. 0 5 5  

. o o a  

. o s 1  

. 0 9 8  

. 1 3 a  

. 5 3 3  

. 5 1 8  

. 5 2  2 

. 5 1 2  

. 5 0  9 

. 5 0  3 

. 5 0  7 

. 5 0  9 

- 5 1 3  
. 5 1 7  

. 5 1 4  

- 5 0 4  
. 5 1 0  

. 4   9 6  
, 5 0 3  
. 4 9 0  
. 4 7  1 
. 4 5 9  
. 4 5  3 
. 4 3 9  

. s a  o 

. 5 a 6  

. 4 a a  

. 3 7  8 
0 4 3 1  

. 3 5  4 

. 4  06  

. a 2 8  

. 3 1 3  

. 1 4 0  

.0b2 

. O l l  

. 0 7  0 
- 1 1 5  
. 1 5  5 
. 1 9 0  

. a 3 8  
- 2 6 8  

. a 9 9  

. a 9 1  

* 3 4  3 
. 3 3 7  

. 3 4 8  

. 3 6 0  

. a 2  2 

- 1 . 1 0 6  I 

I - k % p  1 . 3 1 7  I - 1.086 

- 1 . 0 7 c  I 

- . ¶ 8 9  - . 9 7 3  - . 9 5 4  I - . 9 3 2  - , 9 1 6  - . e 9 6  I - . a 7 5  - . a 6 6  

. 8 5 9  . 

. 7 6 3  ' 

. 7 6 6  ! 

. ? ? e ,  
:192 ; 
. ? e 8  
. 7 5 7  
. 7  5 2  
. 7  5 1  
. 7 4 9  
. 7 4 5  
. 7 3 7  
. 7 3 0  
. 7 2 6  
. 7 2 1  
. 7 1 7  
. 7 1 5  

I 
i 
I 

I 

- 0 2  7 I 
. o s 9  : 
. a 3 2  , 

. a 9 9  , . 1 6 2  ' 

. 7 a 4  ! 

. ? a 8  ' 

. 7 3 0  , 

- 6 8 7  
. 6 9  7 

. 6 8 2  

. 6 8 0  : 
- 6 7  4 
. 6 6 5  
. 6 6 4  
. 6 5 6  
. 6 5 1  
, 6 4  5 
. 6 3  9 
. 6 3 1  
, 6 2 1  
. 6 3 2  

13 
I1 
14 
! 7  
.7  
13 
i 3  
I 1  
! O  
i4  

I - - 9 1 1  - . E 8 5  - . 9 0 5  - . 8 8 7  

- . 8 8 7  
- . e 8 7  

- . 0 7 3  - i86i - . 8 5 6  - . e 4 8  - . e 3 7  - . a 2 9  - . e 2 1  - .a13 - . a 0 1  - . 8 0 8  . 6 9 9  . 5 8 2  
. c 7  0 
. 6 6 4  

* 5 3  3 
, 5 5 2  
. 5 5 3  
. 5 3 2  
. 5 0 7  
. 4  5 7  
. 4 1 2  
. 3 6 3  
. 3  2 6  
. a 8 4  
. 2 4 1  
. 1 9 7  
. 1 5 7  
. 1 2  0 - 0 4 6  
. 0 8 3  

. 6 e 9  
. 6 0  9 
. 6 0  4 
. 5 9  7 
. 5 9 0  
. 5  86 

. 4 a 3  

. 5 1 4  

. 4   9 5  

. 5 1 8  

. 4 6 6  

. 4  a 1  

. 3 a o  

. 3 6 8  . a7 7 

. a 3 3  
, 1 9  0 
. 1 4  5 
. l o 3  
. O b 2  
. 0 2 7  
. o o  7 

. 0 7  2 

.117 

. l 6 0  . a 3  0 

. a 8  9 

- . e a 8  - . 7 7 3  - . e 0 7  - . 7 6 4  

- - 7 5 5  - .732 
- , 7 7 9  I - . 7 4 8  - . 7 2 7  I - . 7 8 3  

1 . a 5  
2 - 5 0  
5 . 0 0  
7 . 5 0  

1 0 . 0 0  
1 5 . 0 0  
2 0 . 0 0  
2 5 . 0 0  
3 0 . 0 0  
3 5 . 0 0  
4 0 . 0 0  
4 5 . 0 0  
5 0 . 0 0  
5 5 . 0 0  
6 0  . O O  

7 0 . 0 0  
6 5 . 0 0  

7 5 . 0 0  
8 0 . 0 0  

Y O .  0 0  
9 5 . 0 0  

. 2 3 3  I 

. 6 9 9  

. . 4 3  

* 7 7 9  
. 5 07 

- 6 4 4  
. 7 1 9  

. 6  0 3  . 5 4 6  

. 4  9 6  . 4 6 4  

. 4   2 0  

. 3  7 7  

. 3   2 9  

.3 06 . B a 9  . a 5 2  

. 1 8 8  

. 1 8 1  I . 1 4  0 

. o s 9  ! 

. o s 2  , 

. 4 8  7 
- 5 9 1  
- 6 0 1  

. 5 6  0 

. 5 1 4  

. 4 6  1 
- 4   1 7  
. 3 7 6  

. e 9 6  

. 3 3 7  

. a 6  1 
, 2 1 8  
-186 
. I S  B . 1 1 s  

. s e  3 

m60 4 

. 6 9  C 

.66 2 

.63 5 

. 5 7  4 

. 5 2 9  

. 4 4 0  

. 4 8  8 

.366 

. 4 0  2 

. e a  6 

. a 2 8  1 . a 5 7  

. 2 0  0 

! 
I 

L 
! 

I 

. 2 0 1  ' 
I 

. a 9 1  

. 2 5 2  

1::: i 

I 
- . G O 2  

- 0 4 0  

- . 0 4 3  I 

' 
- . 1 1 0  - . l a 5  i 

- i . 1 4 3  

- . l o 4  9 5 . 0 0  
~. ~. 

7 

I 
i 
I 

I 

I 

T -r - " 9 2 0  I I - 1 6 i  
. 4 7 5  
. 9 2 5  
. 9 1 2  
- 8  9 8  

- . g o 1  - . e o 4  - . 7 7 7  ! - , 7 8 0  - : 7 9 2  ! - . 7 8 7  : - . B O 5  

- . e 2 0  ' - .a17 : - -817 . - . E 1 8  - .e17 - - 0 1 3  

- . 8 0 4  ' 
- . a 1 2  ' 

- 7 8 8  I 

- . a 0 5  i 

- . 7 7 9  ; 

- . a 1 1  - 6 4  0 
- 6 1 1  
- 6 0 5  

. 5 9 5  
, 5 8 4  

- 6 0  3 
- 5 9 6  
. 5 9 9  
. 6 0 8  

.610 

.509 

.613 

. 6 1 4  

. 6 1 3  
* 6 0  0 
. 5 7  3 
. 5 9  0 
. 5 7  0 
. 5 5 8  
. 5 3 0  
. 5 1 6  
.500 

. s i  a 

. a 7  3 

. 4 0 9  
- 4 5 7  
. 4 1 3  
. 3 8 6  
- 3 3 4  

. 1 6 5  

. 0 9 9  

. 0 5  3 

.061 

. o  11 

.103 

. 1 4 3  

. 1 7 4  

. 1 9 6  

. a 3 2  

. a 9 9  

. a s  3 

. 3 3 9  
, 3 6 9  

. a 2 6  

. a 6 1  

1 . 2 5  
. o o  

5 . 0 0  
7 . 5 0  

a . 5 0  

- -7.91 - . a 8 1  ; - .E62 

- 8 6 4  

- . e 6 7  ; - . e 7 6  

- . a 8 6  
- . E 8 6  ' 
- . a 8 4  I - 8 7 4  - :ass i - , 8 6 1  8 

- - 8 5 6  
- . a 5 4  I 

- . e a 7  8 

- . a 4 5  
I 

- . a 1 5  

- - 8 8 9  
- . e 4 0  

- . e a 8  
- 3 9 4  
. 6 2 9  
.660 
.66 5 
. 6 5  5 

. 5 8  3 

. S a 6  

. s o 5  

. 5 4  5 

. 4 7 0  

. 4 3 0  

. 3 9 3  

. 3 5 0  

. 3 1 3  

. 2 7 8  

. 2 3 6  

- . 8 8 1  i 
- : e 7 2  ' 

- . 7 9 0  - . 7 8 3  - . 7 7 8  - . 7 8 3  - .783 - - 7 7 4  - .776 

- . 7 7 5  
- . 7 7 9  

- . 7 7 4  - ,776 - . 7 7 8  - . 7 7 6  

- .765 
- , 7 7 9  

- . 7 5 9  

- . 7 8 9  
- . 7 6 9  - . a 0 3  - . e 5 9  

- . 7 6 7  
- . a 9 3  - . 7 0 1  - - 6 7 7  - . 6 8 0  - - 6 7 8  

- - 6 7 5  
- . 6 7 9  - ,674 - . 6 7 4  - . 6 7 2  - . 6 4 2  

. ~~ - . Y O 3  - . a 9 9  
- . B Y 8  - . g o 0  - . g o 5  - - 8 9 6  - . g o 9  - . 9 1 2  - . 9 0 6  - . Y O 5  - . Y O 6  - . 9 3 4  - . e 9 6  - . a 9 5  - . B Y 5  - . E 5 6  

1 0 :  00  
1 5 . 0 0  
2 0 . 0 0  
2 5 . 0 0  
3 0 . 0 0  
3 5 . 0 0  
4 0 . 0 0  

5 0 . 0 0  
4 5 . 0 0  

5 5 . 0 0  
6 0 . 0 0  

7 0 . 0 0  
€ 5 . 0 0  

7 5 . 0 0  

9 3 . 0 0  
8 5 . 0 0  
e o .  o o  

:9 0 0  
* 8 9 9  
. 9  0 4  
. 9   0 5  

* €I 8 8  

.e 67 

. 8  6 7  

. 8  4 2  . a 4 6  

. 7 9 8  

. a r a  

. a 1  5 

. 7 8 1  

. 7 2  3 

. a 9 6  . s 7 1  

. d e 5  . a 0 6  

- - 7 4 8  - . 6 5 0  - . 6 4 0  - - 6 2 4  - - 5 9 9  - . 5 7 8  

- . 7 8 9  - . 7 8 2  - . 7 7 8  - - 7 6 3  

- . a 7 5  - . a 6 9  - . 8 5 2  - . a 4 1  - . e a 4  

- . 7 3 1  
- . 7 4 4  

- . 7 1 8  - . 7 0 1  

- .  . -  

i 
. 5 6  0 j 

ziig i 
. 2 6 6  1 
: l e 2  ! 
. 1 1 5  ; 

.320 I 
I 

. 4 ¶ 2  

. 5 5 7  

. 5 4  8 

. 4 7  4 

. 3 5  a 

. 3 1 4  

2 2 6  . I 4  a 

I 

I 

I 

i 

i 

- 

I 
Y 5 ; O O  

a . 5 0  
1 . 2 5  

- i 7 6 0  
. 4 4 0  
. 5 6 0  

. 6 0  3 

. G O 1  

. 5 3 8  

. 5 6 9  

. 5 3  3 
- 4   9 1  
. 4 5 5  
. 4 1 4  
. 3 7 3  
. 3 3 1  
. 2   8 4  
. 2 4 7  
. 2 0 6  . 17 3 

. 0 6 9  i 

. 3  2 7  . 6 9 1  

. 8 6 5  L 

. e 6 3  

. 7 7 7  , 

. e  38 

. 7 3 7  I 

. s a 9  

. 6 4 1  

. 6 0 6  i 

.563 

- 4   4 9  
. 4 8 6  , 

* 4 31 

. 3 1 9  I 

. 2 8  6 

, 

. s a 8  : 

, 3 7 7  I 

. 1 1 2  

. 4 7  4 

. 5 1 8  

. 5 2  8 

. 4 9  z 

. 4 7  3 
, 4 2 2  
- 3 7 3  
. 3 P 7  
. 2 7 8  

. 1 7 4  . 1 2  1 . 0 67 

- . o o a  
. 0 2 3  

. a 2 7  

5 . 0 0  
7 . 5 0  

1 0 . 0 0  
1 5 . 0 0  
2 0 . 0 0  

3 0 . 0 0  
2 5 . 0 0  

3 5 . 0 0  
4 0 . 0 0  
4 5 . 0 0  
5 0 . 0 0  
5 5 . 0 0  
6 0 . 0 0  

7 0 . 0 0  
6 5 . 0 0  

7 1 - 0 0  
e o . o o  
e s .  0 0  
Y O .  0 0  
9 5 - 0 0  . 

. 1 4  2 

. 0 9 7  

- - 0 2 5  
- 0 4 6  

- . 1 1 0  

. g o 3  

. 0 4  a 
- - 0 7 6  

. O O l  - . 1 5 8  

- . o a 7  
. 0 3 1  

- .071 . - . 0 9 7  1 - . a 8 7  I 

- . 0 8 3  - . I 5 2  - - 1 8 6  - - 8 3 0  - . 3 1 3  

. a 5 3  

- . 0 3 e  ; 1 1 



'I.ABLE I BASIC WING 

PERCEKT . 
PRESSLRE COEFFICIENT, P, AT. 

CHoM 
0.5%~ 2 0.65b.'l O.?Ob 2 OSSD,, '~ OACb 2 0.25D.Z 0.135b,Z 

I . 0  

. o o  
2 . 5 0  
1 . 2 5  

5 . 0 0  
7 . 5 0  

1 5 . 0 0  
10.00 

2 0 . 0 0  
2 5 . 0 0  
3 0 . 0 0  
3 5  - 0 0  
4 0 . 0 0  
4 5 . 0 0  
5 0  . O O  
5 5 . 0 0  
6 0 . 0 0  
6 5 . 0 0  
7 0 . 0 0  
7 5 . 0 0  
a o . o o  
a 5  . o o  
9 0 . 0 0  
9 5 . 0 0  

1 . 2 5  
2 . 5 0  

7 . 5 0  
5 . 0 0  

10.00 
1 5 . 0 0  
2 0  . oo  
2 5 . 0 0  
3 0  . O O  
3 5 . 0 0  

4 5 . 0 @  
4 0 . 0 0  

5 0 . 0 0  

6 0 . 0 0  
5 5 . 0 0  

6 5 . 0 0  
7 0 . 0 0  
7 5 . 0 0  
8 0 . 0 0  

9 0 . 0 0  
8 5 . 0 0  

9 5 . 0 0  

I s = 0.00 

. 0 2  7 

. 2 3 4  

. I 6  6 

* O s 4  
6 0 3 5  
. 0 0 5  
s o 3 5  

Y O 9 0  
- 0 6 7  

. 0 9 5  

. 1 l  9 

X 1 8 5  
i 1 4 6  

-16 4 
* 2 0  4 
. 2 4  3 . 2 9  6 
' G I 9 4  
. 2 6 1  

1 2 7 5  
i 2 s z  

. 2 4  3 

3 2 0 9  
i 1 5 1  
' 2 0 7 8  
. o s 3  
i o 2 5  
. 0 1 2  

. 0 3 4  
- 0 6 1  

. I 2 0  
- 1 0 6  

< I 6 3  
- 1 3 0  

: I 9 8  

l a 2 7  
i 2 1 5  

2 5 1  

. 2 5  7 

. 2 4  7 

. 2 4  1 
5 2 8 8  
- 2 8  5 
-30 4 

;.os5 

X( = 0.04 a = 4.0' 

.oo 
$1;: 
7 . 5 0  
5 . 0 0  

1 0 . 0 0  
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. I 5 1  
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. 3 s a  ! 
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1 5 . 0 0  
2 0 . 0 0  
2 5 . 0 0  
3 5  - 0 0  
3 3 . 0 0  
4 5 .  uo 
4 5 . 0 0  
5 0 . 0 0  
5 5 . 0 0  
6 0 . 0 0  
6 5 . 0 0  
7 0 . 0 0  
7 5 . 0 0  
8 0 . 0 0  

90.00 
8 5 . 0 0  

Y 5 . 0 0  

z . 2 5  
2 - 5 0  
5 . 0 0  

1 0 . 0 0  
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1 5 . 0 0  

2 5 . 3 0  
2 0 .  G O  

3 0 . 0 0  
3 5 . 0 0  
4 0 . 0 0  
4 s .  0 0  

5 5 . 0 0  
5 0 . 0 0  

6 0 . 0 0  
6 5 . 0 0  

7 5  . O O  
7 0 . 0 0  

n o .  O @  
8 3 . 0 0  
Y O .  0 0  
Y 5 . 0 C  

- 0  11 

. 4  0 5  

. 2  6 4  

. a  4 9  
. 5  7 9  
. 5  77  
. 5  8 4  
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. 5 1 d  
. 4   9 6  
. 4 9 4  
- 4  9Y . b 3 0  

* 5 3 0  
. 4  8 3  

. 5  7 4  

. 5 2  5 

. 5   3 0  . b 5 7  . 5 7 1  

. 5  5 0  
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. 5  C8 

- 5 8 1  
- 5 4 7  . 4 E 8  
. 4 1 1  
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- 3 1 8  
. 2  73 
. 2 5 0  
. 2  0 9  
. 1 7 3  
. 1 4 0  
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* 0 9 6  
- 0  7 9  
. O 2 6  . C 4 8  
. 0 2 4  . 0 0 8  . 0 01 

. 5  s a  

- 4  o a  

- - 5 8 5  - 1 . 2 4 8  - 1 . 2 9 t l  
- 1 . 2 7 ' 1  
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- 9 4  1 
- 9 0 4  
. 8 7 l  
. a 4 0  
. a 1 3  
. 7 9 3  
. 7 8 1  
.76 3 
. 7 6  5 
. 7 5 P  

- . 6 4 a  

- .  I. 2 0 8  

- . 2 5 3  - 1.136 - 1 . 3 5 5  

- 1 . 1 4 2  
- 1 . 1 4 2  

- 1 . 1 0 1  
- 1 . 1 4 5  

- 1 . 1 5 9  - I . C 2 7  
. 9 6 6  
. 9 3 3  
, 8  9 0  
. a 4 7  . 'I s 9  
. 7 5 7  
.-I 3 1 . b 9 9  

- 8 7 1  
- 9 6 4  I 
- 9 7 0  I 
. 5 s 4  I 
. 9 5 7  
. 5 5 1  
. s 5 9  
.s3 0 
. E 8 7  
. a 6 6  
. a 3 4  
- 7 9  1 
- 7 4 0  
. 7 0  2 

. 6 4  4 

. 6 4  5 

. 4 7 5  
- 4 4 7  

. 4 9 2  
- 4 7 6  
. 4 1 7  
. 3 € 5  
. 3 2 6  
. 2 7 1  
. 2 1 9  

. 1 3 7  

. 0 9 9  

. o s  5 
- 0  a8 
* 00 0 
. a 3 1  
- 0 5 3  
. 0 7 2  

. 1 4 D  i 

. 1 6 4  

- 2 5 4  

. 1 7 4  ! . 

.lo6 t 

- 5 6 4  - 5 0 6  
. 5 0  5 

. 5 0  2 
- 5 3 8  

* 4 6  4 
- 4 7 2  

- 4 5  3 
- 4 - 9  
-4.2.0 
. 4 0 5  
. 3 9 2  
. 3 8  3 
. 3 7  9 
. 3 7  0 
.368 

. 3 5  0 

. 3 9 0  

. a 0 0  
- 3 4 6  
. 3 4  1 

. 4 4 5  
- 4 1  5 
. 3 3 4  
. 2 5  9 
- 2 0  5 
. I 1 3  

- 0 5 9  
. o x 2  
. l a 0  
.166 
. 1 9 1  
. a 0 9  
- 2 3 1  
. a 4 1  
. 2   3 9  
. 2 5 7  
- 2 5 7  . P 5  5 

. a 7  7 

. 2 7 7  
- 2 8 6  

. 3 a s  

. 2 9  4 

. 2 7 a  

- 7 3 8  

-70 5 

. 6 7 0  
- 6 3 8  
. s o 4  
. 6 0  7 

. a 7  2 

. 5 5 9  
- 5 4  3 
. 5 2  2 
. 5 0  3 
. 5 G 3  

. 4 6 0  

. 4  2 6  
. 4 4 0  

- 4 1 3  
- 3 9 7  

. 2 9 3  

. 4 6  9 

. 3 9 6  

. 3 4 4  

. 2 3 5  

. a 4 7  

. 1 8 7  
- 2 3 5  
. 0 8  9 
. 0 3 9  
- 0 0  4 
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- 1 4 6  
. lo 5 

- 1 8  5 

I 

- 2 1 2  1 

- 3 1 1  
. 3 1 5  
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" ~" 
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- - 9 6 2  
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- - 4 9 6  

- - 5 6 4  - -55.1 - . 5 8 0  - . s o 1  - . 5 Y  1 - - 5 6 7  - . 4 0 r  - . 2 3 4  . 6 0  7 
. 5 7  4 
- 5 2  3 
- 4 6  1 
- 4 2 0  
- 3 5  6 

- 2 6  a 
- 3 0  6 

- 2 2 8  . 1 9  1 . I 6  2 
. I 2 7  

. 0 7 5  

. 0 9  4 

- 0 5 5  
- 0 3 8  

. 6  r o  
- 5 3 6  
- 4 6  0 
. 4 0 5  
- 3 6  i 

. 5 r  0 

. 5  1 6  
- A 5 8  
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. 3 7 4  
- 3  18 

- 2 2  a 
. 2 6  5 
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. 0 3  4 
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- 2 4 2  
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- 1 2 7  
. 0 9 3  
. O S 2  
. 0 3 2  
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. 0 3 1  

- 0 7 7  
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. 5 s 4  
. s  9 6  
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. 5  79 
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. 5 6 0  
. 5 1 6  
. 5 4 5  

- 5 4  1 
. 5 3 5  
. 5 2 6  
. 5 3 7  

. q 9 1  

. p 3 9  

-r . o  
. 4  
. 6  
. a  
. 8  
. 8  
. e  
. 7  
. 7  

- . 9 5 3  

- 1 . 3 6 1  
- 1 . 3 8 3  

- 1 . 3 8 5  
- 1 . 3 7 5  

- 1 . 3 6 9  - 1 . 3 I 1  

- 1 . 2 5 2  
- 1 . 3 0 2  

- 1 . 2 3 0  
- 1 . 2 6 2  

- - 7 2 1  
- 1 . c 9 0  

- - 5 8 3  

- - 6 4 0  
- . 5 9 5  

- . 6 4 0  

- 1 . 0 4 7  - 1 . 1 1 3  - 1 . 0 6 5  - 1 . 1 0 5  - 1.080 
- " 0 7 7  - 1 . 0 4 1  - P . 0 1 0  - - 9 9 8  - - 9 7 8  - - 9 6 2  - . 9 4 5  - - 9 3 2  - - 9 0 s  - - 8 8 8  - - 9 2 0  

- . a s 2  - - 9 0 8  

- - 7 5 0  
- - 7 7 3  - . 7 3 5  

- i . 0 8 1  

- - 7 7 6  - .a61 - . a 6 0  

- ; 8 6 2  
- - 8 5 6  

- Z 8 7 9  - . 8 6 4  - . e 5 1  - - 8 2 6  

- . B O 8  - - 7 5 2  - . 7 8 0  - . 7 7 1  - - 7 6 0  - - 7 5 7  - . 7 5 6  

- . a 2 2  

- . 7 5 9  

- 7 5 8  
- 7 1 5  

- 7 4 5  
- 7 4 1  
. 7 3 5  
- 7 3 4  
. 7 2 0  

- 7  os 
- 7 0 3  

- 6 9 6  
- 6 8 7  
- 6 8 1  
. 6  7 4  
. 5 E O  
- 6 5 4  
- 6  6 7  

i 5 2 8  
. 5  1 2  

' i 5 Z J  
. s o 9  

. 5  1 0  

. s o 3  

. s o 4  
- 4 9 9  
k 4 9 3  
. 4 9 7  

1 4 9 1  
. 4 9 8  

i 4 8 5  
i 4 8 0  
; 4 7 2  
k 4 8 8  
L O 1 0  
: 4 6 3  
- 4 5 4  : 4 5 8  
Z 4 4 8  
Z 4 3 8  

. 4  8.9 

- 6  
. 5  
- 5  . 6 5 0  

. S I 8  

- 5 s  3 
- 6  0 5  

- 5 8 0  

. 5 1 3  

. 4 7 7  

* 4 85  
. 4   4 7  
- 4 1 0  
- 3 5 7  
- 3   0 2  
- 2 5 9  
. a 1 4  
* 1 7 4  
. I 3 4  
- 0 9 2  

- 0 1  6 
. o s 5  . 0 15 . 0 4 0  

- . 6 7 9  - - 6 4 4  - - 5 5 5  - . 3 9 7  - . 3 3 9  

- 6 4 2  
-663 - 6 3 2  
- 5 8  6 
. 5  15 
; 4 8 6  
- 4   3 8  
. 3 9 4  
L 3 5  3 
. 3 1 5  
. 2 8 0  
- 2 4  3 - 2 0 7  
. 2 8 4  
. 1 6 0  
. I 3 4  

- - 7 1 5  

- * 6 9 2  
- - 7 0 6  

- - 6 6 9  - - 6 5 5  

. 4  9 6  

. 4 9 4  

. 4 8 5  

. 4 5 4  

. 4 1 r  

. 3 6 1  1 

. 2 E  0 
- 2 0 8  
- 1 5 6  
i 10 4 
- 0 5  7 
- 0 0 5  
- 0 5 2  
.lo1 
. 1 4 3  
; : 8 2  

- 2 4 3  ' 

. 3 1 9  i 

'. 3 5  1 
. 3 9 3  

1 . 2 5  
2 . 5 0  
5 . c c  
7 . 5 0  

1 0  . o o  
2 0 . 0 0  
1 5 . 0 0  

2 5 . 0 0  
3 C . 0 0  

4 0 . 0 0  
3 5 . 0 0  

4 5 . 0 0  
5 0 . 0 0  
5 5 . 0 0  
6 0  - 0 0  
6 5  - 0 0  
70.30 
7 5  . O O  
8 0 . 0 0  
8 5 . 0 0  
9 0 . 0 0  
9 5 . 0 0  

. 3 5  8 

. 6 h 3  

. 5 0  2 

. 7 3 1  

. 6 9  5 

. 6 2  9 
* 5 4  6 
. S t !  
- 4 4  6 
. 3 9 7  
-37 0 
. 3 2 6  
. 2 8  7 
. 2 5  2 
. 2 r  5 
. 2 0  6 
-176 . 11 0 
. 1 2 2  
. 0 9 0  

. 0 3 1  

. 0 4  a 

1 4 2 2  
% 4 3 4  
: 3 8 1  
- 3  16 '. 18 1 
.2€7 
c 0 8  I 
r o o 5  
. 0 7 1  
- 2 2 8  
- 2 7 6  
- 2 0  4 
- 2  4 0  
i 2 6 6  
. a s 2  
- 3 0 7  
; 3 2 6  
- 3 3 3  
- 3 6 3  
. 3 5 0  

; 4 0 7  
. 3 9 9  

. 5 4 2  
- 5 8  1 
. 5 5  5 
- 5 2 1  
- 4 8 9  
- 4 4 0  
- 3 8 2  

- 2 9 8  
- 3 3 9  

- 2 6 3  
- 8 8 4  

. 5  67 

- 5 2 7  
. 5 4 2  

; 4 8 7  
* 4 4 6  
I 3 5  2 
. 3  4 6  

- 2  6s . 2 9 9  

- 2 2  0 
- 1 8 0  
- 1 4 4  
. l o 6  
. 0 ? 4  
. 0 4  3 . o i 7  

.19i 
- 1 5 7  
- 1 2 5  
.10 7 
- 0 7 4  

I 

. o s 4  

. 1 7 3  

. 1 4 1  

* 2 4  I 
. 2 8  6 

I 

- 0 9 4  
. 0 8  0 
- 0  3 7  

- -070 
- . a i 0  

. o r a  - - 0 0 6  - . 0 3 4  - - 0 9 1  - - 1 . 5 2  

- - 0 4 6  

- . - a 4  
- .!I73 

-   sa - - 2 2 2  
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.693 

. 6 5 3  
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.723 

.715 
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. 6 8 6  
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. 7  3 5  . 6 36 

. 8  07  
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. 5 2 6  

. 4  5 2  
- 4  94 

.4 11 

.3 74 
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I 
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.55 8 

.55 5 
- 5 5 6  
.55 5 

.566 

.561 

- 5 6 7  
. 5 6 6  

.561 

. 5 6  4 
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.55 6 
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.533 

.512 

.519 

.48 3 

.499 

.590 

.45 2 
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.4 34 
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.344 

.169 

. o  9 3  

.022 
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.052 

.132 

.171 
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.254 
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.3 01 
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.392 
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.625 

.63 1 
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1 

. 1 6 5  I 
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- 2 9  3 
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. 5 8  8 
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. 1 4 4  

. a 9 9  
- 0 5 9  

. o o 9  

. O b  6 

. 0 3 0  

. 0 8 8  
I 1 12 
. 1 4 1  

. o a e  

. 4 5 4  

. 3 9 4  
- 3 1 0  
- 2 5 6  

. 1 5  5 
- 0 9 s  
. 0 5  4 
* 0 1  7 

. O S 6  

. 0 8 9  

. 1 1 5  

- 1 6 8  
. 1 6  4 

. 1 6 7  

. a 1  3 

. o a o  

a . 5 0  
1 . a 5  

5 . 0 0  
7 . 5 0  
I*. 0 0  

2 0 .  o c  
1 5 . 0 0  

2 5 . 0 0  
3 0 . 0 0  

4 0 . 0 0  
3 5 . 0 0  

4 5 . 0 0  
5 0  - 0 0  
5 5 . 0 0  
6 0  . O O  

7 0 . 0 0  
6 5 . 0 0  

7 5 . 0 0  
8 0 . 0 0  
8 5 . 0 0  

Y 5 . 0 0  
Y O .  0 0  

m? 

. 1 3 8  
- 0 1 2  
. 0 3 1  
. 0 7 7  

- . 7 0 3  
. I 4  6 

. 0 1 5  

. 1 3 9  

. 1 ? 7  

. I 4  6 

- . 3 6 1  
. 1 9 4  

. 1 4 9  

. l o o  

. l e e  

. a 0 0  . a 3  o - . 3 4 0  

. 2 4  6 
- 1 9  3 
.160 
.128 

- . 2 8 9  
,110 

. 0 6  5 
- 0 5 0  

. - 6  7 - .681 
- 2 0 5  

. ? O S  
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TABLE IC WING WITR iTFlER SURFACE SPOILER (WITH CAP) 

1GZRCENT 
CHOXU 

PRESSLRE COCXICIEXT, P. AT: 

3.135b,2 C.25q  2 0.LGii 2 

l- 
1 . 2 2 4  
. 5 8  9 

1 . Z Q 5  
1 . P 4 2  
z . 2 1 0  
1 . 1 5 3  
1 . 0 7 5  
2 . 0 2 4  

. Y 4 5  

- 5 9  7 
.81 5 

. 4 6 3  
- 4 5 6  
. O P 1  
. 0 7  1 
. c 7 5  

- 8 5  6 
- 0 6 3  

. 8 4  Y 

. a 1 4  

. 7 6 1  
- 6 8  9 

. 6 C  3 

. 5 7  0 

. 4 5 7  

. 5 1 0  

. 4 2 Y  

. 3 5  6 

. 3 0  5 

. 2 5  9 

. o e  c 

- 2 1  2 
. l a  P 
-10.5 
. 1 4 8  

- 0 6 3  . O P  s 
- 0  2 5  
. 0 7  1 

- - 6 2 8  - 1 . 2 1 9  - 1 . 1 0 6  - 1 . c 5 0  
. 9 8 5  
. 9 5 5  
. g o 4  

. 7 3 3  

. 5 8  5 

. 5 4  3 

. 5 6  P 

. 5 9  3 

. 5 8  4 

. 5 6  7 
- 5 4  1 

, 6 1 2  
. 4 5  c 

. 6 4  3 

. 5 9  5 

. 5 4  8 

. 5 1 3  

. e a 2  

. 6 5  a 

- . 1 5 7  

- 1 . 1 4 7  - 1.131 

- 2 . 1 5 9  1 
- 1 . 1 3 3  I 

- 1 . 0 7 4  - 1 . 0 3 0  - l . 0 0 2  
- 5 6 8  

, 7 1 0  

. 3 6 3  
, 5 5 4  

. 3 3 6  

- 4 7 6  I 
- 3 0 %  

. 4  6 6  

. 4  8 7  

. 4 3 5  
* 4 0 1  

. 5 2 9  

. 4 4  8 

. 4 4 6  

. 4 5  I 

. 4 5  5 

. 4 4 6  

. 4 4  I 

. 4 3 9  

. 4 3 5  

. 4 3 6  

. 4 3 7  . 4 2 6  

. 4 1 4  

. 4 0 4  

. 3 8 9  

. s a 8  
- 3 6 2  
. 3 8 4  

. 3 5 5  

. 3 5  3 

. 3 4 8  

. . ( a 3  
- 4 3 7  
. 3 J  9 

. 4 a o  

. 3 4 a  

. a s  4 

. a 1 9  

. 0 9 8  

. o o  3 . o a o  
, 1 5 0  
. a o a  
. a 3 4  
. a 5 6  

. a 5 6  
- 2 6  3 

. 2 4  4 

. 2 7  0 

. a 8 2  
, 1 8 0  

. 3 0  3 

. 3 0 2  

. 2 8 6  
- 2 8 8  

. 8 3 2  

. a 0 3  ' 

. ? 9 9  

. 7 9 7  

. a 0 3  

. a 0  5 

. B O  5 

. e o 4  

. 7 9 9  

. 7 7  9 
- 7 6 2  
- 7 3 4  
. 6 9  0 
. 6 3 8  
. 6 0  3 

. 5 6  2 

. 6 1 5  

. 5 7  6 

. 5 0  8 

. 4 4 7  

. 5 0  0 
- 4 7  5 
. 4 1 5  
.36 4 
. 3 a  0 

.16 0 

. 2 0 2  

. 1 1 4  

. 0 7 5  

. 0 0 2  

. 0 3  9 

. 0 4 1  

. 07  8 

.10 1 . 1 4  0 

i 

. s o 0  I 
i 

. a 6 2  

. 5 9 3  , 
- 5 3 9  

.511 

. 5 0  5 . 4 9 6  

. 4 6  9 
- 4 6 6  
. 4 6 0  ' 
. 4 5 1  
. 4 3 9  I 
. 4 2 8  I 

. 4 1 4  

. 3 9  3 

. 4 0 0  

. 3 4 4  
,380 

. 3 7  2 

. 3 8  I 

. 3 7  3 

. 

. 3 6  a 
, 4 9 1  
. 4 6  8 

. 3 4  a 

. 3 9  3 

. 3 2 1  ' 
, 2 3 6  
,17 s 

, 

o a l  
: o a a  I 

i 
I 

! 

i 

i 
I 
i 
1 

I 

. 5 4  5 

. 5 1 5  

. 4 5 2  

. 4 c 4  

. 3 6 7  

. 3 0 8  

. 2 5  4 

. 2 0 4  . $ 6  4 . - 2  8 

. 0 9  1 

. 0 5 8  
- 0 2 5  
. o o a  
- 0  37 
. o s 5  

. 5 3 8  

. 4  8 7  

.3 9 1  

. 4 4 4  

* 3 5 1  
. a 7 6  
. 2  2 9  
. l a 3  . 1 4 6  
. l o 4  

s o 2 4  
. 0 1 4  - 0 5 0  

. 1 4 6  

. 0 6 a  

. o a l  

. 8 0  4 

. 0 6  Y . O Q  5 
- 0 4  0 
- 1 1 7  
. 7 7 6  

I 01 = 15 io 

. 1 5 6  - - 9 6 8  I - 1 . 0 4 7 !  - . b 7 9  . 5 7  6 - . 4 1 4  - . 6 9 9  
. ( 7 0  . S 6 7  

- . 7 9 Y  
. 6 6 5  . 5 6  7 

- . e 4 1  
. 6 6 9  . 5 6  7 

- . 8 3 1 '  - 1 . 0 8 7  
. b 7 3  . 5 6 7  

- . e 1 3  
. C 8 1  , . 5 6 7  - 1 . c 6 a  i - 6 9 0  - . 7 5 7  - 1 . 0 1 6  6 8 8  

. 5 7  1 

. 5 7  1 

- : 6 7 1  - 1 . 0 0 5  
, 5 7  0 

- , 6 4 3  
. 6 9 1   - 5 7  1 

- . 6 3 4  
- . 9 7 z  - - 9 3 5  

. b 9 5   . 5 6  8 

- . 6 3 3  
. c a s  . 5 6  a 

- . 6 5 5  
- . 9 1 5  - . e 9 2  

. c 7  3 . 5 6  1 

- , 5 3 6  
. c 5 5  . 5 5 7  

- , 4 2 0  - . 8 3 s  
. 6 4  1 . 5 4  9 

- . 2 9 0  - . % A 9  
. 5 5 7  . 5 3 8  . b 3 3  - . 0 6 a  - . 7 7 4  , s e a  . 5 7  P 

. 5 3  9 

- 1 . 3 9 2  - . 6 9 1  - . 7 7 3  
. L O O  . 5 1 3  . 6 0  8 .518 

- - 5 2 8  ' - 6 7 2  
,517 

- . 5 2 6 !  - : 6 4 7  I , 5 1 0  

- 1 . 1 7 5  I - 1 . 1 0 8  - 1 . l a s  - 1 . l o a ,  

- 7 0 9  - 1 , 0 0 9  :sea ' 

- . 8 8 $  

I 
- . 7 o a  

Y = ( . oc  r 

i I 

i 

i 

I 

I 
I 
I 

I 

. sa I 

. 5 2 0  
- 5 2  5 

. 5 1 1  

. 5 2 0  

. 5 1 9  . 5 0 7  

. 5 1 5  . S I  1 

. 5 0  3 

. 4 9 7  

. 4 9 7  . 4 9  2 

. 4 9 3  . 5 0  0 

. 4   9 7  

. 4 7 5  

. 4 8  a 
. 4 8 4  
. 4 8  5 

. 4 7 4  

. s a 0  

. s a  I 

. s o 9  

. 5 5  9 
. 5 5 6  
. 5 s  7 
- 5 6 1  
.s53 . 5 s  4 
- 5 5  3 

. 5 s  4 

* 5 1  2 
. 5 5  6 

* 5 5  1 . S S O  
, 5 4  7 
. s 3  5 
. 5 5  0 
. 5 4  8 

. 5 1 8  

. 5 1 1  

. 4  9 4  

. 4 7  4 

. ss a 

. 5 2 a  

a . 5 0  
5 . 0 0  
7 . 5 0  

l o .  0 0  
1 5 . 0 0  
2 0  - 0 0  
2 5 . 0 0  
3 0  * 0 0  
3 5 . 0 0  
4 0 . 0 0  
4 5 . 0 0  
5 0 . 0 0  
5 5 . 0 0  
6 0  . a 0  

7 0 . 0 0  
6 5 . 0 0  

7 5 . 0 0  
8 0  * 00 

9 0 .  G O  
9 5 . 0 0  

1 . 2 5  

a 5 . 0 0  

- 1 . 3 6 4  
- 1 . 3 9 0  - I . 3 8 5  ' - 1 . 3 9 4  

- r . 3 1 4  - 1 . 3 2 3  

- 1 . 8 8 1  

- 1 . 1 3 0  - , 6 2 9  - . 1 1 7  - . o s 7  - . 0 5 1  I - . 2 7 0  

- . 9 3 1  
- . g a s  
- . e a 5  - . a 2 1  

- I . 3 7 4  

- 1 . a ~ ~  - 1 . a 7 ~  

- . l e e  I 

- . 7 a 7  

I 

I 

1 

- 3 6 5  . 5 3 4  . E 9 9  
. 7 2 9  
. $ e 5  

. 4  9 9  

. 5 4 0  

.3 5 1  

. 4  4 7  

.3 4 8  

. 3 1 5  . 2 4 6  

. 2  5 2  

. 1 5 6  

. 1 9 8  

- .013 
. 3 6 4  . 1 6 1  

. a  7 6  

. l a 8  

. o s 0  

. e a 9  

-63 3 
. 6 5  I 
- 6 2 0  
* 5 7  5 
. 5 4 7  
. 4 7  8 
. 4 2 Y  
.38 0 
. 3 3 9  
. 2 9  7 
. 2 6  2 
. 2 1 5  
.17 1 
. 1 3 4  . o a  5 
. o a 7  

. 5 5  1 

. 5 8  5 

. 5 5  2 

. 5 1 9  
. 4 8 8  

. 5 0  0 

. 4 9 1  

. 4 1 1  

.45P 

. 3 5  9 

. 3 0  3 

. a 5 6  

. a i 5  

. 1 7  3 

. o s 4  

. 0 4 4  

. o o  0 
- 0 3  3 
, 0 9  4 

. s a a  

. l a g  

- 4 8 0  
. 5 0  a 
. 4 6 2  

. 3 9 8  

. 4 2 1  

. 3 2 4  

- 2  1 0  
. 1 6 4  
.110 
. o s 9  
. 0 0 9  

.I1 4 
. 0 4  9 . 1 6  4 . a 0  1 

. a 6 5  

. 4 6 3  
- 4 6 7  
. 4 2 2  

. 3 0 4  

. 3 5 9  

. I s a  

. 0 7 5  

. 0 0 6  

. 0 8  7 

. 1 5 1  

. a 0 1  

. a 6 1  . a 6 6  
- 2 6  3 
. s o 7  
. 3 4 0  
, 3 5 5  
- 3 8 6  
. 4 1 2  
. 4 2  3 
. 4 2 9  

. z a g  

1 . 2 5  
2 - 5 0  
5 . 0 0  
7 . 5 0  

1 0 . 0 0  
1 5 . 0 0  
2 0 . 0 0  
2 5 . 0 0  
3 0  . O O  
3 5 .  o c  
4 0 . 0 0  
4 6 . 0 0  
5 0 .  0 0  
5 5 . 0 0  
6 0 . 0 0  
6 5 . 0 0  
7 0 . 0 0  
7 5 . 0 0  
e o .  0 0  

9 a . 0 0  
8 5 . 3 0  

Y 5 . 0 0  
GAP 

. 54 6 

. 4   5 8  

. 4   9 7  

3 9 0  
: 3 4 4  I 
. a 3 3  j 
. a 5 5  . 
. a 0 7  - 
. 0 4  4 
- 0 0 1  
* 0 6 1  

. 4 3 0  

. 3 7 5  

. 2 8 6  

. 2 5  0 . 2 l o  

. 1 7 3  

. 1 3 3  

. 0 9 0  

. 0 6  0 - . 0 0 6  

. 3 a s  
I 

. 2 7 2  , 
I 

. 1 3  
. l o 7  
. 1 2 5  
. 2 2 0  
. 3 0  5 
. 3 5 5  
- 4 6 3  

- . 0 7  - .73 
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PERCENT 
ciio*m 

PRESURE COEFFICISKT, P, AT: 

0.135b.2 0.25bI2 0.4Cb/2 0.95b./2 0.85b:Z O.lOb, 2 0.55b;Z 

. o o  
L.25 
2 . 5 0  
5 . 0 0  

1 0 . 0 0  
7 . 5 0  

1 5 . 0 0  

2 5 . 0 0  
2 0 . 0 0  

3 0 . 0 0  
3 5 . 0 0  
4 0 . 0 0  
4 5 . 0 0  
5 0 . 0 0  
5 5 . 0 0  
6 0 . 0 0  
6 5 . 0 0  

7 5 . 0 0  
7 0 . 0 0  

8 0 . 0 0  
8 5 . 0 0  
9 0 . 0 0  
Y 5 . 0 0  

1 . 2 5  
2 - 5 0  
5 . 0 0  
7 . 5 0  

1 5 . 0 0  
1 0 . 0 0  

2 0 . 0 0  
2 5 . 0 0  
3 0 . 0 0  

4 0 . 0 0  
3 5 . 0 0  

4 5 . 0 0  
5 0 . 0 0  
5 5 . 0 0  
6 0 . 0 0  
6 5 . 0 0  
7 0 . 0 0  
7 5 . 0 0  
8 0 . 0 0  
8 5 . 0 0  
Y O  .oo 
9 5 . 0 0  

GAP + = 0.0 

1 

. o o  
1 . 2 5  
2 - 5 0  
5 . 0 0  

1 0 . 0 0  
7 . 5 0  

1 5 .  O C  

2 5 . 0 0  
2 0 . 0 0  

3 5 . 0 0  
3 0 . 0 0  

4 0 . 0 0  
4 5 . 0 0  
5 0 . 0 0  
5 5 . 0 0  

6 5 . 0 0  
6 0 . 0 0  

7 0 . 0 0  
7 5 . 0 0  
8 0 .  0 0  
8 5 . 0 0  
Y O .  0 0  
9 5 . 0 0  

l . 2 5  
2 . 5 0  
5 . 0 0  
7 . 5 0  

1 0 . 0 0  
1 5 . 0 0  
2 0  - 0 0  
2 5 . 0 0  
3 0 . 0 0  
3 5 . 3 0  
4 0 . 0 0  
4 5 . 0 0  
5 0 . 0 0  
5 5 . 0 0  
6 0 . 0 0  
6 5 . 0 C  
7 0 . 0 0  
7 5 . 0 0  
8 0  - 0 0  
8 5 . 0 0  
Y O .  0 0  
Y 5 . 0 0  

GAP 

& 0 = 2a.oo 

- 0 4 6  - . s a 2  - . 7 9 3  - 1 . 0 4 7  - 1.070 - 1 . 0 6 0  - 1 . 0 5 0  - . 9 2 4  - - 8 0 7  - - 7 2 7  - . 6 5 4  - - 7 0 7  - . 7 4 2  
- . 7 1 8  

- , 6 8 2  - - 5 9 0  

- -337 
- - 4 7 0  

- 1 . 0 4 5  - . a 7 7  - - 6 9 5  - . 7 0 0  - . 6 1 0  

. 2  77 
- 5  07 
- 7 7 6  
. a  3 7  
. 7  5 2  

. 6  66  

. 7 4 3  

. s a 0  

. 5  7 0  

. 5 1 5  
* 4 6 9  
- 4  3 7  

- 3 6 5  
.3 7 4  

. 3  1s 

. 2  7 2  

.I64 

. a 0 2  

. 2  6 9  

. 2  0 5  
* 1 4 6  
- 1 0 7  

- 1 . 1 9 2  - 1 . 2 6 8  - 1 . 8 6 0  - 1 . 2 6 1  - 1 . 2 4 5  - 1 . 2 2 7  - 1 . ~ ~ 0  - 1 . 1 7 2  - 1 . 1 4 4  - 1 . 1 2 5  - 1 . 1 0 8  

- 1 . 0 4 1  - . 9 7 Y  - . Y 4 4  - . 9 7 5  - . 8 5 Y  

- 1 . 0 ~ 0  

- - 1 9 7  

. 6 2 7  

. 7 0  2 

. 7 0  6 

. 6 7  9 

. 6 5  4 

. 5 9  4 
* 5 4  6 
* 4 9  9 
. 4 5 7  
- 4 1  6 
.37 7 
. 3 3 1  

. I 9  8 

.13 2 

. a8 4 

. a r e  

. 3 5 4  
-21 4 
. 1 4  2 
. 0 7  4 - .013 - . 6 9 0  

- 1 7 0  
. 4  39 . 8 2 8  . e a 7  . a 2 9  
. a 5 4  

. 7 l 8  ' . 7 6 1  

. 6 7 2  

. S I 8  

. 5  7 2  

. 5  5 5  

. 4  7 5  

. 4  63 

. 4 1 0  

. 3  7 0  . a 5 4  

. 2  0 8  
- 3  38 
- 2  6 9  . I 4 8  
. a 0 6  

. 9 4  4 

. 9 3 1  

. Y 2 4  
- 9 3 0  
. 9   2 7  
. 9 3 1  
. 9  2 2  

. Y 3 4  

. 9 3 3  

. 9 2 8  

. Y e 9  . Y 1 9  

. 9   2 6  

. 9 0  9 

. 9 0  3 

. a 7  9 

. 9 0  7 

. 8 8  5 
- 8 4  0 
. a 3  6 . a 1  2 
. 7 9  7 
. 7 8  7 

I 5 9  6 
.7 P S  
. 7 6  5 
. 7 5  2 

. 6 6  8 

.73 7 

. 6 4  5 

. 6 0  I 
- 5 5 7  

. 4 7 5  
* 5 1  5 

* 4 3  2 

. 3 4 5  

.38 4 

. 2 9  2 

. a 2 4  

- 4 1  7 . 2 7  5 
-19 0 . 21 6 
.oo 9 . 6 1 4  

- - 9 7 7  - - 9 6 9  - . 9 4 a  - . 9 7 a  - . 9 6 8  

- . 9 6 0  
- - 9 7 0  

- . 9 3 8  - - 9 1 1  - - 8 9 4  - -881 - . 8 5 8  - . E 3 8  - .eii - . 7 9 8  - . 7 7 6  - - 7 3 0  
- . 7 8 4  

- - 1 4 2  - . 7 4 8  

- -733 
- . 7 3 7  

- ;754 

- 5 1 8  
- 6 1 1  
- 6  17 

- 5 7  3 
- 5 9 9  

. s a 9  
- 4 7 5  
. 4 3 5  
. 3 9 0  
.3 5 0  
I 3  10 
- 8 7 2  

-19 5 . 1 4  7 
- 0 7  5 

. a 2 9  

. 26 3 . ~a 2 . 0 5  0 - -023 - - 0 8 7  - .716 

- - 9 4 2  

- . a 6 7  
- - 8 9 6  

- . 8 8 L  - - 8 8 6  - - 6 8 8  

- . E 7 8  
- - 8 8 7  

- . a 1 9  - - 8 6 0  - . 8 4 6  - - 8 3 7  

- . ana  

- - 8 2 9  - . a 1 1  - - 8 1 5  - . 7 9 6  - . 7 8 9  - . 7 8 6  - . 7 9 5  - . 7 9 5  - . 7 8 7  - - 7 8 1  

- 4 6  5 
. S t 8  
. 66  0 
. 6 5  7 
- 6 4 4  
- 6 0 8  
- 5 6  1 
- 5  I9 
. 4 7 8  
. 4 3 7  
- 3 9 5  . 3 5 6  
.3 1 2  
. 2 6  9 
. 2 2 0  
- 1 4 5  

.3 10  

.16 5 

. 0 9  3 

. 0 1 4  - - 0 5 7  - . s a 4  

- - 8 4 7  - .757 - . 7 5 2  - , 7 5 0  - , 7 4 5  - , 7 6 4  

- . 7 0 5  - . 7 0 7  - . 7 0 6  - - 7 0 6  - . e 9 9  - - 6 9 4  - - 5 8 8  - , 6 8 3  - . L O 5  - . e a 0  - - 5 4 8  - 5 7 1  - . c 7 7  - - 6 6 8  

- . 7 a 4  

- . a 7 3  - . 5 6 2  

. 5 5 6  

. 5 7 4  . 5 0 2  . s e a  
- 5 3 5  
. 4 8 3  
- 4 3 6  

. 3  5 1  

. 3  0 7  

" ~ 

. 3   p a  

. 263 . a 2 1  

. o a t  
-17 7 
-132 
-013 

I 2 1 0  . 0 5 1  - . 0 0 4  - -1.56 
- - 0 7 9  

- . s a 4  

- 8 3 8  
.7  9 6  
. 7 9 4  
. 7  9 5  

. 7 e a  

. 7  9 0  

. 7  9 5  
- 7  a 7  
- 7  8 6  
. 7  93 

. 7 7 9  
- 7 7 8  
. 7 7 4  
- 7  6 6  
- 7 5 7  . 5 7 0  
. 7 3 4  
. 7 2 0  
. 7 3 0  
. 7 3 7  
. 7  3 4  
. 7 3 4  
-72 .8  . 1 0 8  
. 5 9 0  . L 3 7  . L O 8  

- 5 5 0  
. 5 0 6  
. 4  6 1  
* 4 2 4  
- 2 8 %  
. 3 3 9  
. 2  93 
. 2 4  a 
. 1 4  4 
. 2 0 0  

. a 7 7  

. 2  5 2  
- 0  9 6  
. 0 3 9  
. 0 3 9  
. I O %  
- 5 8 1  

. 5 9 2  

. 6 5 4  
- 6 5 4  
- 6 5 6  
. 6 5 6  
. 6 5 6  
- 6 6  0 
. 6 6  7 
- 6 7  1 
. 6 7  1 
. 67  5 
. 6 7 5  
. 6 7  2 
. 6 6 6  
. 6 6 1  
* 6 5 3  
- 6 4  3 
.63 4 
. 6 7  1 
. 6 1 3  

.6 a1 
- 6 2 1  
.616 
. 4 5 2  
.511 
. 5 3  5 
* 5 1  3 
. 4 8 0  
- 4 3 7  
* 3 8  a 
. a 9 3  
. 3 3  7 

. a 5 1  . I6 I . I 1 4  
- 0 7 1  

. g a r  

. a 0 7  

. o a c  
- 0 4  a 
.125 
. o o  3 
. o s 5  
.162 
. a i 9  
- 6 9 3  

- . 7 6 0  - - 7 5 6  - . 7 5 1  - - 7 5 1  - . 7 5 1  - - 7 5 1  - - 7 4 6  - - 7 4 6  - - 7 4 7  - -.?A7 - 1 7 4 5  - . 7 4 3  - . 7 4 t  - . 7 3 7  - .738 - , 7 3 5  - - 7 1 6  - . 7 9 7  - - 6 9 8  - .710 - .713 - . 7 0 9  - . 6 9 7  

. 5 a s  

. 3 8  9 

- 5 6  7 
. 5 5 9  
. 5 4  1 . s o  4 
. 4 5 8  
. 4 1 4  
.37 3 
* 33 0 
- 2 8 6  
. a 4 2  
; I 9 6  
. 1 4  7 
. l o  I 
. o 2 9  

. I 9 1  

. O S 8  - . 0 2 5  

- . 1 7 2  
- .lo2 

- . 6 9 i  

. 63 a 

. 6 2  a 

. 6 2  9 

- 6 1 6  
. 6 2 6  
. 6 2 5  
. 6 2 2  

. 6 0  5 

. 6 1 8  

. 6 1 1  

. 6 1 1  

. S O 7  
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Figure- 1 .- Geometry of teat configurations. 
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Figure 3.- Variation of Reynolds number based on mean aerodynamic chord 
with Mach number. 
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o Pressure data 
0 Fcrce data (ref. 5) 
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Figure 4.- Com9arison or" rolling-momnt cherecteristics as obtained from 
presswe data and from force date. for the  model with upper-surf&ce 
spoilers. 
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0 BOSIC wmg 
0 Wing wth upper-surface spollcr (no  gap) 
A Wlng wlth uppcr-surface spollcr (with gap) 
n Wlng wlh lower-surface spoller(wltI1 gap) 

Angle of attack, a , dcg 

Figure  5.- Wing normal-force characteristics for  the basic wing and 
various spoiler configurations. M = 0.60 t o  M = l.03. 



" . 

Wing w~rh  uppcr-wrfax spo~ler (no gap) 
,-.. Ros~c w r q  

A Wmg wltb upper-surface spo~ler (wlth goo) 
b W l r q  with iower-surface spotler (wl th  gap) 

-4 0 8 12 16 20 24 28 

Angle of ottack, a ,  deg 

(a) M = 0.60, 0.80, 0.85, 0.90. 

Figure 6.- LongiLudinal posit ion oP wing center of pressure for the 'basic 
wing and various spoiler configurations. 
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I_ 8DSlC Wing 
0 Wmg wtlh upper-surface spoller (no gap) 
A Wing wtth upper-surfoce spotler (wtth  gop) 
0 Wing wtth lower-surface  spoller (wlth gap) 

Anglo o f  o t l o c k , a  

-4 0- 4 B 12 16 20 24 

' I dey 

(b) M = O-gh. ,  0.98, 1-00, 1.03. 

Figure 6 .- Concludcd. 
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TJ Wmg with upper-surfocs spollcr (no gop) 
A Wlng wlth upper-surface spoiler (w~th  gap) 
0 Wmg with lower- surface spoiler (wlth gap) 

P 
C" N 

Angle or oIIoch,a,deg 

(a) M = 0.60, 0.80, 0.85, 0.90. 

Figure 7.- Labera1 position 03 wing ccntcr of pressure for the basic and 
various  spoiler configurations. 



0 Basic  wmg 
Wing with upper-surface  spoller (no gap) 

A Wmg  wlth  upper-surface spoder ( wlth gap) 
h Wing  wlth  lower-surface  spoiler ( wlth  gap) 

Anglo of attack , [I, deg 

(b) M = 0.94, 0.98, 1.00, 1.03. 

Figure 7 .- Concluded. 
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"""_ Bas~c  wmg 
Wmg wlih upper-surface  spo~ler (no gap) 

Wlag x h  !ower - scrface spoller (wltn gem) " 

-" Wmg  wlth upper-surface spolfer (wltn gap) 

F r o c t m  of sernlspan, JL b '2 

(a) M = 0.60. 

Figwe 8.- Wing senisgsn load distributions f o r  the basic w i n g  and various 
spoiler configurations. 
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-" Wng w t o  u>per-surfoce  spci!er (w,th gap) 
" Wing *nth [ower-  surfcce  spol!er ( w r h  gap) 

F:oc;lon 3f semlspcn , 
b/2 

(b) M = 0.80. 

Figsre 8.- Contimed. 
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( c )  M = 0.85. 

Figure 8.- Contirmed. 
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Fractton of sernlspan, b /2  

(a) M = 0.90. 

Figure 8.- CoEtinued. 
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(e) M = 0.94. 

Figure 8.- Continued. 
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Sasrc  wing """"_ Wrng wlih upper-surface  spoller (no gop) "- Wing with upper-surface sporler ( w t h  gap) 
" Wing with lower-surface sporler (wlth cap) 

"0 .2 4 .6 8 1.0 

Fractlon of semispan, 1 
b/2 

(f) M = 0.98. 

Figure 8.- Continued. 
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Basx  slng """"_ Wing with upper-surface  spoiler (no  gap)  
-" Wmg w l t i  uoper-surface  spoiler (wlth gap) 
" Wing with lower-surface  spoller (wlih gap) 

"0 2 4 6 8 10 

Fractlon of  semlspon, A!- 
b/2 

( g )  M=100. 

( g )  M = 1.00. 

Figure 8. - Contimed . 



Basic wmg "_ " - " - Wlnq wlih upper-surface sporler (no  gap) 
"- Wmg wlfh upper-surface spoller (wlih gap) 
" Wing wlih lower-surface spoller (wrth gap) 

I 

Fractlon of semlspan, - Y 
b/2 

(h) M = 1.03. 

Figrlre 8 .- Concluded. 
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Fraction of semlspan, - Y 
b/2 

(EA) K = 0.60. 

Figure 9.- Wing-section  center of pressure across  the SeDispn for the 
basic wing and v&rious spoiler configurations. 
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Basic wing 
"" "-" Wmg wlth upper-  surface spoiler (no  gap) 

" Wmg wlih [ower - surface spoller (wlth gap) 
--- Wmg wlfh upper-  surface spoller (wlth gap) 
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.. d 
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'"0 2 6 .8 1.0 

Fracrlon of semispan, - Y 
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(b) M = 0.80. 

Figure 9.- Con-ttnued. 
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Baac wing 

Wlng with upper-surface spoiler (with gap) 
Wing wfh Lower - surfoce spoiler (wlfh gap) 

""_ "_" Wrng with upper-surface spoiler (no g a p )  
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" 

I 

.I 

T 
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2 .6 .8 1.0 

Fraction of sernispan, - Y 
612 

(a) M = 0.90. 

Figure 9.- Continued. 
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"""" Wing wlth upper-  surface spoiler (no  gap) 
"- Wing wlth upper-surfcce spoller (with gap) 
" W:ng wlih lower - surface spotter (with gap) 
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(e) M = 0.9iC. 

Figwe 9.- Contfnued. 



Fract~on of semtspan, - Y 
612 

(f) rff = 0.98. 

Figure 9.- Continued. 
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Basic wmg 
Wlng with  upper - surface spoiler (no  gap) 
Wing wlth upper - surface spoller (with  gap) 
Wing with lower - surface  spoiler  (with  gap) 

- " - - " - - 
"- 
" 

F:actlon of semlspan, Y 
b/2 

( g )  M = 1.00. 

Figure 9.- Continued. 
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BaSlC wing """"_" Wing with upper - 
Wing with upper - 
Wing  with lower - 

"- 
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surface sporler (no gap) 
s u r f a c e  spoiler (with g a p )  
surface spoiler (with gap) 

Fraction of semispan, - Y 
b/2 

(h) M = 1.03. 

Figure 9.- Concluded. 



(E) M = 0.60. 

Figure 10.- Chordvise pressure distributions on the wing; basic wing 
compared with t'lle upper-surfsce  spoiler (no ga9) configuration. 



(b) M = 0.80. 

Flame 10.- Continued. 



( C )  M = 0.90. 

Figure 10.- Continued. 
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Froc!m of crord.+ 

(a) M = 0.94. 

Figure 10.- Continued. 
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(e) M = 1.00. 

Figure 10.- Concluded. 
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Figure 11.- ConcepL; of flow in the boundary layer at a ty-pical. wing-spoiler 
section f o r  a bbch number of 0.60. 
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COFFIDE?CCIAL NACA RM L54C17a 

(a) M = 0.60. 

Figure 12.- Chordsrise pressure  distributions on the wing;  basic wing 
corn-oarea with tne  upper-surface  spoiler  (witn  gap)  configuration. 



Figure 12.- Continued. 
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( c )  M = 0.90. 

Figure 12.- Continued. 
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Figure 12.- Contin-aed. 
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Figure 12.- Concluded. 
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"""" Wlnq wtth upper-surface sooiler (wlth gap) 
VI1 ng with upper-surface spaller (no gap] 
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Figure 13 . -  Effect of  wing gap behind an usper-surface spoiler on w h z  
chordwise pressure distributions. 



NACA FM L54Cl'j'a 

(8) b! = 0.60. 

Figure 14.- Chordvise  pressure  distributions on the wing; basic  wing 
compared wit'n the  lower-surface  spoiler  (with ge.p) configuration. 
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Eoslc wing 
Wmg ‘wth Icher-sdrfoce spoi!er (w2h gap) 

r r r r r 

Froc:m of cnord, x/c 

0 -0 

(b) M = 0.80. 

Figure 14.- ContFnued. 
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F c F 

(c) M = 0.90. 

Figu_re 14. - Continued. 



Froc'un 3f ctwd , x/c 

M = 0.94. 

Figwe 14.- Continued. 
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EOSlC wing "_"" Xing wlth  lower-su-icce spol!er (with gao) 

F-act cn c i  c W d ,  x/c 

( e )  M = 1.00. 

Figure 14.- Conclded. 



Wmg wlth upper-surface  spoter (no gap) 
"-""" Wing wlih opposite[y de3ecied spollers (no  gap) 

Fracilon  of  semispan, 
b/ 2 

(a) M = 0.60. 

Figure 15.- Effect of a lower-swface  spoiler on the opposite w i n g  sew- 
sym load distribution f o r  the upper-surface spoiler (110 gap) 
configuration. 
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